Selection of Steady-State Process Simulation Software to Optimize Treatment of Radioactive and Hazardous Waste by Nichols, Todd Travis et al.
INEEL/EXT-01-00485
Selection of Steady-State
Process Simulation Software 
to Optimize Treatment of 
Radioactive and Hazardous 
Waste
T. T. Nichols
C. M. Barnes
L. Lauerhass
D. D. Taylor
May 2001
Idaho National Engineering and Environmental Laboratory 
Bechtel BWXT Idaho, LLC
INEEL/EXT-01-00485
Selection of Steady-State Process Simulation 
Software to Optimize Treatment of Radioactive and 
Hazardous Waste
Todd T. Nichols
Charles M. Barnes
Lance Lauerhass
Dean D. Taylor
May 2001
Idaho National Engineering and Environmental Laboratory
High Level Waste Program
Idaho Falls, Idaho 83415
Prepared for the
U.S. Department of Energy
Assistant Secretary for
Environmental Management
Under DOE Idaho Operations Office
Contract DE-AC07-99ID13727
LLL
$%675$&7
7KHSURFHVVXVHGIRUVHOHFWLQJDVWHDG\VWDWHSURFHVVVLPXODWRUXQGHU
FRQGLWLRQVRIKLJKXQFHUWDLQW\DQGOLPLWHGWLPHLVGHVFULEHG0XOWLSOHZDVWH
IRUPVWUHDWPHQWDPELJXLW\DQGWKHXQLTXHQHVVRIERWKWKHZDVWHFKHPLVWULHVDQG
DOWHUQDWLYHWUHDWPHQWWHFKQRORJLHVUHVXOWLQDODUJHVHWRISRWHQWLDOWHFKQLFDO
UHTXLUHPHQWVWKDWQRFRPPHUFLDOVLPXODWRUFDQWRWDOO\VDWLVI\7KHDLPRIWKH
VHOHFWLRQSURFHVVZDVWZRIROG)LUVWGHWHUPLQHWKHVWHDG\VWDWHVLPXODWLRQ
VRIWZDUHWKDWEHVWDOEHLWQRWFRPSOHWHO\VDWLVILHVWKHUHTXLUHPHQWVHQYHORSH
$QGVHFRQGGHWHUPLQHLIWKHEHVWLVJRRGHQRXJKWRMXVWLI\WKHFRVW7ZHOYH
VLPXODWRUVZHUHLQYHVWLJDWHGZLWKYDU\LQJGHJUHHVRIVFUXWLQ\7KHFDQGLGDWHOLVW
ZDVQDUURZHGWRWKUHHILQDOFRQWHQGHUV$63(13OXV352,,DQG
&+(0&$',WZDVFRQFOXGHGIURP³URDGWHVWV´WKDW$63(13OXVDSSHDUV
WRVDWLVI\WKHSURMHFW¶VWHFKQLFDOUHTXLUHPHQWVWKHEHVWDQGLVZRUWKDFTXLULQJ
7KHILQDOVRIWZDUHGHFLVLRQVSURYLGHIOH[LELOLW\WKH\LQYROYHDQQXDOUDWKHUWKDQ
PXOWL\HDUOLFHQVLQJDQGWKH\LQFOXGHSHULRGLFUHDVVHVVPHQW
LY
6800$5<
7KHSURFHVVXVHGIRUVHOHFWLQJDVWHDG\VWDWHSURFHVVVLPXODWRUIRUXVHE\WKH+LJK/HYHO:DVWH+/:
3URJUDPDWWKH,GDKR1DWLRQDO(QJLQHHULQJDQG(QYLURQPHQWDO/DERUDWRU\,1((/LVGHVFULEHG7KH+/:LV
FRPSRVHGRIERWKUDGLRDFWLYHDQGKD]DUGRXVFRQVWLWXHQWVDQGLWLQYROYHVERWKVROLGDQGOLTXLGZDVWHIRUPV7KH
WUHDWPHQWWHFKQRORJLHVIRUWKHYDULRXVZDVWHIRUPVKDYHQRW\HWEHHQRIILFLDOO\GHWHUPLQHG0XOWLSOHZDVWHIRUPV
WUHDWPHQWDPELJXLW\DQGWKHXQLTXHQHVVRIERWKWKHZDVWHFKHPLVWULHVDQGDOWHUQDWLYHWUHDWPHQWWHFKQRORJLHVUHVXOWLQ
DODUJHVHWRIWHFKQLFDOUHTXLUHPHQWVWKDWQRFRPPHUFLDOVLPXODWRUFDQWRWDOO\VDWLVI\
&RQVHTXHQWO\WKHDLPRIWKHVHOHFWLRQSURFHVVZDVWZRIROG)LUVWGHWHUPLQHWKHVWHDG\VWDWHVLPXODWLRQ
VRIWZDUHWKDWEHVWDOEHLWQRWFRPSOHWHO\VDWLVILHVWKHUHTXLUHPHQWV$QGVHFRQGGHWHUPLQHLIWKHEHVWLVJRRGHQRXJK
WRMXVWLI\WKHFRVW
7KH3URFHVV
7KHGHFLVLRQPDNLQJSURFHVVVSDQQHGIRXUDQGRQHKDOIPRQWKVDQGLQYROYHGWKHIROORZLQJILYHVWHSVLWHUDWHG
WZLFHGHILQHWKHUHTXLUHPHQWVSHUIRUPDQLQLWLDOVFUHHQLQJWRGHWHUPLQHWKRVHFRPPHUFLDORIIHULQJVZLWKWKH
JUHDWHVWFKDQFHRIPHHWLQJWKHUHTXLUHPHQWVSHUIRUPDILQDOVFUHHQLQJE\³URDGWHVWLQJ´WKRVHVLPXODWRUVWKDWSDVV
WKHLQLWLDOVFUHHQLQJGRFXPHQWLQJWKHUHVXOWVXVLQJDUHTXLUHPHQWVPDWUL[VHOHFWD³ZLQQHU´WKHVLPXODWRUZLWKWKH
EHVWTXDOLWDWLYHFRVWSHUIRUPDQFHUDWLRDQGODVWO\GHWHUPLQHZKHWKHUWKHVLPXODWLRQEHQHILWVRIWKHZLQQHUMXVWLI\LWV
FRVW
7ZHOYHVLPXODWRUVZHUHLQYHVWLJDWHG(LJKWVLPXODWRUVIDLOHGWRTXDOLI\IRUD³URDGWHVW´&$'6,03OXV
3URFHVV6LPXODWRU'(6,*1,,IRU:LQGRZV+<6<64XLFN+\GUDXOLFV)ORZVKHHW6LPXODWRU3'3/86&KHPLFDO
3URFHVV6LPXODWRU3526,00$66%$/DQG6XSHU3UR'HVLJQHU'HILFLHQFLHVZLWKUHVSHFWWRWKHEUHDGWKRIXQLW
RSHUDWLRQPRGXOHVWKHSURSHUW\WKHUPRG\QDPLFPRGHOVDQGRUWKHVSHFLHVHWFRYHUHGE\WKHGDWDEDVHVZHUHWKHPDLQ
UHDVRQVIRUUHMHFWLRQ7KHGHILFLHQFLHVDSSHDUWREHPRVWO\GXHWRPDUNHWSRVLWLRQLQJE\WKHVRIWZDUHGHYHORSHUVWKDWLV
LQFRQVLVWHQWZLWKWKHSURMHFW¶VUHTXLUHPHQWPDWUL[DQDUURZLQGXVWU\IRFXVIRUH[DPSOHVXFKDVK\GURFDUERQ
SURFHVVLQJ
$63(13OXV352,,DQG&+(0&$'ZHUHWKHRQO\SURGXFWVWKDWTXDOLILHGIRU³URDGWHVWLQJ´
DVVWDQGDORQHVWHDG\VWDWHSURFHVVVLPXODWRUVEHFDXVHWKH\ZHUHFRQVLGHUHGWRKDYHWKHEHVWFKDQFHRIVDWLVI\LQJDOO
WKHPLQLPXPQHHGVRIWKHUHTXLUHPHQWVPDWUL[(63E\2/,6\VWHPV,QFZDVLQYHVWLJDWHGIXUWKHUEHFDXVHRIWKH
SRWHQWLDORILWVWKHUPRG\QDPLFSURSHUWLHVGDWDEDVHWRDGGYDOXHWRDQ\VLPXODWRULQJHQHUDODQGWR$63(13OXVDQG
352,,LQSDUWLFXODU
'HFLVLRQV
7KHILQDOZLQQHURIWKHGRZQVHOHFWSURFHVVEDVHGRQWHFKQLFDOPHULWZDV$63(13OXV1HLWKHU&+(0&$'
QRU352,,RXWSHUIRUPHG$63(13OXVLQWKH³URDGWHVWV´1HLWKHUGLGWKH\VDWLVI\WKHUHTXLUHPHQWVPDWUL[EHWWHU
,1((/FXUUHQWO\KDVWZR$63(13OXVOLFHQVHVVRVHOHFWLQJDGLIIHUHQWVLPXODWRUZRXOGLQFXUVZLWFKLQJFRVWV
%RWK&+(0&$'DQG352,,KDYHORZHUDFTXLVLWLRQFRVWVSXUFKDVLQJOLFHQVLQJDQGPDLQWHQDQFHIHHVWKDQ$63(1
3OXVEXWWKHVHSRWHQWLDOVDYLQJVZRXOGEHPRUHWKDQRIIVHWE\WKHVZLWFKLQJFRVWV&RQVHTXHQWO\$63(13OXVLV
VHOHFWHGDVWKHVWHDG\VWDWHSURFHVVVLPXODWRUIRUWKHSURMHFWEDVHGRQERWKWHFKQLFDODQGFRVWFRQVLGHUDWLRQV
,WLVFRQFOXGHGWKDWWKHVKRUWWHUPFRVWEHQHILWUDWLRRI$63(13OXVMXVWLILHVLWVDQQXDOUDWKHUWKDQPXOWL\HDU
WHUPOHDVLQJDWWKLVHDUO\SRLQWRIWKHSURMHFW¶VOLIHF\FOH$63(13OXVSURYLGHVSUHGLFWLYHDFFXUDF\ZLWKLQWLPHV
VWDQGDUGGHYLDWLRQRIPHDVXUHGFRQFHQWUDWLRQYDOXHVIRUPHGLXPWHPSHUDWXUH±&YDSRUOLTXLGHTXLOLEULXP
IRUFULWLFDOQRQUDGLRDFWLYHVSHFLHV7KLVEHQHILWLVIHOWWREHZRUWKWKHFRVWDVVRFLDWHGZLWKWZRQHWZRUNOLFHQVHVIRU
YRQH\HDU+RZHYHUWKHWHDPZLOOUHDVVHVVWKHSRWHQWLDOEHQHILWFRVWUDWLRRIFRPPHUFLDOVLPXODWLRQ¶VFRQWULEXWLRQWR
LQWHJUDWHGSURFHVVRSWLPL]DWLRQDW\HDU¶VHQGDIWHUDQHQWLUHWUHDWPHQWWUDLQKDVEHHQPRGHOHGDQGWHVWHG
,WZDVFRQFOXGHGWKDWWKHSRWHQWLDOEHQHILWRIWKH$63(13OXV2/,EULGJHPDUNHWHGE\$63(17HFKQRORJLHV
LVRXWZHLJKHGE\LWVSRWHQWLDOGUDZEDFNVLQWKHFDVHRIWKLVSURMHFWVRLWZLOOQRWEHOHDVHG7KHEHQHILWRIWKHEULGJH
ZRXOGEHJDLQLQJDFFHVVWRSURSHUW\GDWDIRUVHYHUDOLPSRUWDQWVSHFLHVQRWUHVLGHQWLQ$63(13OXVIRUVLPXODWLQJ
PHGLXPWHPSHUDWXUHHTXLOLEULXP,WLVQRWIHOWDWWKLVWLPHKRZHYHUWKDWWKLVSRWHQWLDOEHQHILWMXVWLILHVWKHSRWHQWLDO
QHJDWLYHFRQVHTXHQFHV,WLVUHFRPPHQGHGWKDWWKHUPRG\QDPLFGDWDIRUNH\PLVVLQJVSHFLHVEHREWDLQHGIURP
OLWHUDWXUHVHDUFKHVDQGRUSK\VLFDOH[SHULPHQWVDQGDGGHGWR$63(13OXVDVKDVEHHQGRQHLQWKHSDVW6XFKPDQXDO
GDWDEDVHHQKDQFHPHQWVDWWKLVHDUO\SKDVHRIWKHSURMHFWDUHFRQVLGHUHGWREHPRUHFRVWHIIHFWLYHRYHUDWKUHH\HDUWLPH
IUDPHWKDQDFFUXLQJ.RUVRLQDGGLWLRQDOOLFHQVLQJFRVWVURXJKO\.WRWUDQVSRUWSDVWGDWDEDVHHQKDQFHPHQWV
IURP$63(13OXVWR2/,DQGWKHLQFUHDVHGSURMHFWDQGLQWHJUDWLRQODERUFRVWVIURPWKHXVHUUHTXLUHGLQWHUYHQWLRQV
7KHWUDGHRIIVEHWZHHQWKHSURVDQGWKHFRQVRIWKHEULGJHZLOOEHSHULRGLFDOO\UHDQDO\]HGDVWKHSURSHUWLHV
GDWDEDVHQHHGVRIWKHSURMHFWDUHFODULILHGDQGPRGLILHGRYHUWLPH
7KHVHOHFWLRQWHDPZRXOGKDYHSUHIHUUHGWRVSHQGPRUHWLPHRQ³URDGWHVWLQJ´DQGDGGLWLRQDOLWHUDWLRQVRIWKH
VWHSSURFHVVWKDQWKHVFKHGXOHSHUPLWWHG&RQVHTXHQWO\WKHLPSDFWRIDQ\UHPDLQLQJODFNRINQRZOHGJHSHUFHLYHG
E\WKHWHDPZDVLQYDULDEO\WUDQVSRVHGLQWRWKHVWUHQJWKRIWKHILQDOGHFLVLRQVWKHGHFLVLRQVLQFOXGHIXUWKHUWHVWLQJDQG
UHDVVHVVPHQWDQGWKH\FRQWDLQILQDQFLDOFRPPLWPHQWVIRUQRPRUHWKDQRQH\HDU,WLVIHOWWKDWWKHVHILQDOGHFLVLRQV
VLPXOWDQHRXVO\DFKLHYHVDWLVIDFWLRQRIWKHQHDUWHUPQHHGVDQGSURYLGHVXIILFLHQWIOH[LELOLW\WRDFFRPPRGDWHUHPDLQLQJ
DPELJXLWLHV
5HFRPPHQGDWLRQVWR2WKHU3RWHQWLDO%X\HUVRI6WHDG\6WDWH3URFHVV6LPXODWRUV
&+(0&$'LVZRUWKLQYHVWLJDWLQJLIWKHSURMHFW¶VSK\VLFDOSURSHUW\QHHGVGRQ¶WLQFOXGHHOHFWURO\WHPRGHOV,W
RIIHUVVWHDG\VWDWHG\QDPLFDQGSURFHVVFRQWUROVLPXODWLRQDOOLQRQHLQWHJUDWHGVLPXODWLRQHQYLURQPHQW7KHXVHU
LQWHUIDFHLVHDV\WRXVHWKHSULFHLVFRQVLGHUDEO\OHVVWKDQWKHRWKHUWZRFDQGLGDWHVDQGWKHOHYHORIFXVWRPHUVXSSRUW
IURPERWKPDUNHWLQJDQGWKHKHOSGHVNLVXQPDWFKHG
352,,LVZRUWKLQYHVWLJDWLQJLIWKHSURMHFWKDVPRGHVWWRODUJHSK\VLFDOSURSHUW\QHHGVDEURDGSURFHVV
HQYHORSHDQGHDVHRIXVHDQGSULFLQJDUHSULPDU\IDFWRUV,WFRVWVDERXWOHVVWKDQ$63(13OXVDQGWKHVHOHFWLRQ
WHDPIRXQGWKHXVHULQWHUIDFHWREHPRUHLQWXLWLYHDQGHDVLHUWKDQWKDWRI$63(13OXV
$63(13OXVLVZRUWKLQYHVWLJDWLQJLIWKHSURMHFWKDVODUJHSK\VLFDOSURSHUW\QHHGVDEURDGSURFHVVHQYHORSH
DQGWKHUHDUHRSSRUWXQLW\VZLWFKLQJFRVWVDVVRFLDWHGZLWKVRPHRIWKHSHUIRUPDQFHUHTXLUHPHQWVWKDWDSSUHFLDEO\
OHVVHQWKHLPSRUWDQFHRIWKHVLPXODWRU¶VDFTXLVLWLRQSULFH2WKHUZLVHLWVSUHPLXPSULFLQJZLOOEHDGHWHUUHQW7KH
DSSHDORIWKH2/,EULGJHDOVRSUHPLXPSULFHGPD\GHFUHDVHDVWKHQXPEHURIFRQWULEXWLQJHQJLQHHUVWKHYDOXHRIDQ\
SUHYLRXVGDWDEDVHHQKDQFHPHQWVDQGWKHSLHFHPHDOQDWXUHRIWKHPRGHOGHYHORSPHQWLQFUHDVH
YL
&217(176
$%675$&7 LLL
6800$5< LY
7KH3URFHVV LY
'HFLVLRQV  LY
5HFRPPHQGDWLRQVWR2WKHU3RWHQWLDO%X\HUVRI6WHDG\6WDWH3URFHVV6LPXODWRUV  Y
,1752'8&7,21  
0(7+2'2/2*<  
7HDP&RPSRVLWLRQ 
5(48,5(0(176'(),1,7,21 
3URFHVV(QYHORSH  
)XQFWLRQDOLW\	3HUIRUPDQFH  
7KHUPRG\QDPLF3URSHUWLHV'DWDEDVH  
,QWHJUDWLRQ 
3UHVHQW	3DVW(IIRUWVRI2WKHU*URXSVLH6ZLWFKLQJ&RVWV 
)XWXUH6FRSH 
5HTXLUHPHQWV0DWUL[  
,1,7,$/6&5((1  
7KH6KRUW/LVW  
6WHDG\6WDWH6LPXODWRUV
$63(13OXV 
352,, 
&+(0&$'
7KHUPRG\QDPLF'DWDEDVH0RGHOV 
(63
),1$/6&5((1  
3URFHVV0RGHOLQJ7HVW 
6HPL%DWFK(YDSRUDWLRQ
$63(13OXV 
352,, 
&+(0&$'
5HVXOWV 
&RPSDULVRQRI%DVH6LPXODWRUV
$GGHG9DOXHRI3DVW'DWD(QKDQFHPHQWV
%HQHILWRI7LHWR2/,'DWDEDQN0RGHO6HW
)URP352,,DQG&+(0&$' 
)URP$63(13OXV 
&RQFOXVLRQV 
8VHU6XSSOLHG'DWDEDVH(QKDQFHPHQWV  
352,, 
&+(0&$'
,QFRQYHQLHQFHV
3UREOHPV 
&RQFOXVLRQV 
6DWLVI\LQJ7KH5HTXLUHPHQWV0DWUL[ 
%(676,08/$725%$6('217(&+1,&$/0(5,7  
YLL
),1$/'(&,6,216 
)LQDQFLDO$QDO\VLV  
9HUVXVWKH6WDWXV4XR 
$63(13OXV±2/,%ULGJH$GG2Q  
5HPDLQLQJ$PELJXLWLHV  
3HUIRUPDQFHRI352,, 
9DOXHRI3DVW$63(13OXV'DWDEDVH(QKDQFHPHQWV
9DOXHRIWKH2/,%ULGJH 
'HDOLQJ:LWK7KH.QRZOHGJH*DSV 
5HFRPPHQGDWLRQVWR2WKHU3RWHQWLDO%X\HUVRI6WHDG\6WDWH3URFHVV6LPXODWRUV  
&+(0&$' 
352,,
$63(13OXV
5()(5(1&(6  
),*85(6
 %ORFN'LDJUDPRI3URFHVV0RGHO7HVW(YDSRUDWLRQ 
 3)'RI6LPXODWLRQ0RGHO±(YDSRUDWLRQ 
7$%/(6
 3URFHVV(QYHORSH
 7KHUPRG\QDPLF3URSHUWLHV'DWDEDVH1HHGV 
 5HTXLUHPHQWV0DWUL[ 
 6XPPDU\RI5HVXOWVRI6WHDG\6WDWH3URFHVV6LPXODWLRQ,QLWLDO6FUHHQ 
 8QLW2SHUDWLRQVIRU3URFHVV0RGHO7HVW(YDSRUDWLRQ 
 )HHG6WUHDPVIRU3URFHVV0RGHO7HVW(YDSRUDWLRQ 
 6LPXODWLRQ5HVXOWVIRU3URFHVV0RGHO7HVW(YDSRUDWLRQ
 $FFXUDF\RI352,,9/('DWD5HJUHVVLRQ 
 5HTXLUHPHQWV0DWUL[IRU$63(13OXV 
 5HTXLUHPHQWV0DWUL[IRU352,, 
 5HTXLUHPHQWV0DWUL[IRU&+(0&$'
 6FRUHFDUG6XPPDU\
6HOHFWLRQRI6WHDG\6WDWH3URFHVV6LPXODWLRQ6RIWZDUHWR2SWLPL]H
7UHDWPHQWRI5DGLRDFWLYHDQG+D]DUGRXV:DVWH
,1752'8&7,21
6WHDG\VWDWHVLPXODWLRQRI+LJK/HYHO:DVWH+/:WUHDWPHQWDW,GDKR1DWLRQDO(QJLQHHULQJDQG
(QYLURQPHQWDO/DERUDWRU\,1((/ZLOOSULPDULO\EHXVHGWRVXSSRUWIXWXUHSURFHVVDQGIDFLOLW\GHVLJQ7KLVLVSDUWRI
DEURDGHUVLPXODWLRQSURMHFWDLPHGDWWKHHQWLUHSURFHVVIDFLOLW\OLIHF\FOHEHJLQQLQJDWFRQFHSWXDOGHVLJQDQGHQGLQJ
ZLWKIDFLOLW\FORVHRXW
,QWHJUDWHGVWHDG\VWDWHVLPXODWLRQVXSSRUWLQJGHVLJQRIIXWXUHSURFHVVHVDQGIDFLOLWLHVLVFXUUHQWO\SHUIRUPHG
XVLQJD9LVXDO%DVLFSURFHVVVLPXODWRUOLQNHGWR(;&(/VSUHDGVKHHWVIRULQSXWRXWSXW7KLVVLPXODWRUWUDFNVPDVVDQG
HQHUJ\EDODQFHVEXWODFNVDSK\VLFDOSURSHUWLHVGDWDEDVHDQGVLJQLILFDQWSUHGLFWLYHFDSDELOLW\7KHXQLWRSHUDWLRQVDUH
PDWKHPDWLFDOO\UHSUHVHQWHGE\PRVWO\³EODFNER[HV´0RUHPHFKDQLVWLFPRGHOLQJEDVHGRQULJRURXVUHSUHVHQWDWLRQRI
FULWLFDOQDWXUDOSKHQRPHQDDQGWKHUPRG\QDPLFHTXLOLEULXPLVUHTXLUHGWRSURYLGH,1((/HQJLQHHUVZLWKWKHSUHGLFWLYH
FDSDELOLW\QHFHVVDU\IRURSWLPL]DWLRQVWXGLHV7KLVZRXOGDOORZHQJLQHHUVWRDVVHVVSRWHQWLDOV\VWHPZLGHLPSDFWVRI
SURSRVHGFKDQJHVDWLQGLYLGXDOXQLWRSHUDWLRQV
6XFKFDSDELOLW\ZLOOKHOSWRUHGXFHWKHOLIHF\FOHVFKHGXOHVDQGFRVWVRI+/:SURMHFWVZKLFKLVLPSHUDWLYH
JLYHQ,1((/¶VOHJDOFRPPLWPHQWVDQGVKULQNLQJ'HSDUWPHQWRI(QHUJ\'2(EXGJHWV6RPHZDVWHWUHDWPHQWRSWLRQV
FXUUHQWO\KDYHQRIXQGLQJSODQQHGIRULQWHJUDWHGSLORWSODQWGHPRQVWUDWLRQVZKLFKLQFUHDVHVWKHUROHRISURFHVV
VLPXODWLRQ
+/:DW,1((/LVFRPSRVHGRIERWKUDGLRDFWLYHDQGKD]DUGRXVFRQVWLWXHQWVDQGLWLQYROYHVERWKVROLGDQG
OLTXLGZDVWHIRUPV7KHWUHDWPHQWWHFKQRORJLHVIRUWKHYDULRXVZDVWHIRUPVKDYHQRW\HWEHHQRIILFLDOO\GHWHUPLQHG
+RZHYHUWKHPDLQWUHDWPHQWDOWHUQDWLYHVFXUUHQWO\LQYROYHYLWULILFDWLRQVHSDUDWLRQVLRQH[FKDQJHJURXWDQGFDOFLQH
GLVVROXWLRQ7KHQXPEHUDQGW\SHVRIXQLWRSHUDWLRQVSRWHQWLDOO\LQYROYHGZLWKWUHDWLQJWKHHQWLUHZDVWHHQYHORSHDUH
ODUJHGXHWRPXOWLSOHZDVWHIRUPVDQGWKHWUHDWPHQWDPELJXLW\,WLVDVVXPHGWKDWQRFRPPHUFLDOVLPXODWLRQVRIWZDUH
RQWKHPDUNHWZLOOFRPSOHWHO\PDWFKWKHWHFKQLFDOQHHGVRIWKH+/:3URJUDPEHFDXVHRIWKHXQLTXHQHVVRIERWKWKH
ZDVWHFKHPLVWULHVLQYROYHGDQGWKHDOWHUQDWLYHSURFHVVWHFKQRORJLHVXQGHULQYHVWLJDWLRQ3URMHFWSHUVRQQHODUHQRW
DZDUHRIDQ\SURFHVVVLPXODWRUIRUH[DPSOHWKDWPHFKDQLVWLFDOO\PRGHOVWKHYDSRUOLTXLGVROLGHTXLOLEULXPRI
PL[WXUHVFRQWDLQLQJKHDY\PHWDOVDQGWUDQVXUDQLFHOHPHQWVDW±&$SSUHFLDEOHDGGLWLRQVWRWKHFKRVHQ
VLPXODWRU¶VWKHUPRG\QDPLFSURSHUWLHVGDWDEDVHDUHH[SHFWHGWREHUHTXLUHGWRIXOO\VXSSRUWRSWLPL]DWLRQDQGGHVLJQ
HIIRUWV,WLVDOVRSRVVLEOHWKDWVRPHXVHUGHILQHGXQLWRSHUDWLRQPRGHOVZLOOQHHGWREHFUHDWHG
7KLVUHSRUWGHWDLOVWKHUHODWLYHO\TXLFNVHDUFKIRUWKHFRPPHUFLDOVWHDG\VWDWHVLPXODWRUWKDWVDWLVILHVWKH
VLPXODWLRQSURMHFW¶VWHFKQLFDOQHHGVWKHEHVWDQGZLOOWKHUHIRUHPLQLPL]HWKHDPRXQWRILQKRXVHGDWDEDVH
PRGLILFDWLRQDQGRUFXVWRPFRGLQJRIXQLWRSHUDWLRQPRGXOHVUHTXLUHG6LPXODWLRQUHVXOWVZLOOEHXVHGE\HQJLQHHUV
DQGVFLHQWLVWVWRGHYHORSKLJKHUOHYHOUHFRPPHQGDWLRQVIRU'2(DQG,1((/SURJUDPPDQDJHUVUHJDUGLQJWKH
WUHDWPHQWRI+/:$VVXFKLWLVH[SHFWHGWKDWWHFKQLFDOSHUVRQQHOZLOOEHGLUHFWHQGXVHUVRIWKHVLPXODWLRQUHVXOWV
DQGSURJUDPPDQDJHPHQWZLOOEHDQLQGLUHFWHQGXVHU
0(7+2'2/2*<
$V\VWHPVHQJLQHHULQJDSSURDFKZDVXVHGWRJXLGHWKHGHFLVLRQPDNLQJSURFHVV7KHUHZHUHILYHEDVLF
VXEWDVNVLQYROYHGGHILQHWKHUHTXLUHPHQWVSHUIRUPDQLQLWLDOVFUHHQLQJWRGHWHUPLQHWKRVHFRPPHUFLDORIIHULQJV
ZLWKWKHJUHDWHVWFKDQFHRIPHHWLQJWKHUHTXLUHPHQWVSHUIRUPDILQDOVFUHHQLQJE\³URDGWHVWLQJ´WKRVHVLPXODWRUV
WKDWSDVVWKHLQLWLDOVFUHHQLQJGRFXPHQWLQJWKHUHVXOWVXVLQJDUHTXLUHPHQWVPDWUL[VHOHFWD³ZLQQHU´WKHVLPXODWRU
ZLWKWKHEHVWTXDOLWDWLYHFRVWSHUIRUPDQFHUDWLRDQGODVWO\GHWHUPLQHZKHWKHUWKHVLPXODWLRQEHQHILWVRIWKHZLQQHU
MXVWLI\LWVFRVW
7KHHQWLUHWDVNKDGWREHFRPSOHWHGZLWKLQIRXUDQGRQHKDOIPRQWKVEHFDXVHRIDWLJKWVFKHGXOHGLFWDWHGE\
WKHRYHUDOOEURDGHUVLPXODWLRQSURMHFW2QO\RQHWHDPPHPEHUZDVDVVLJQHGWRWKHSURMHFWIXOOWLPHDQGWKHWLPH
FRPPLWPHQWRIWKHRWKHUWKUHHPHPEHUVUDQJHGEHWZHHQDQG7KHSURFHVVZDVIURQWORDGHGLHWKH
PDMRULW\RIHIIRUWZDVIRFXVHGRQWKHHDUOLHUVWHSV7KHILUVWWKUHHDQGRQHKDOIPRQWKVZHUHIRFXVHGRQMXVWVWHS±
GHILQLQJWKHUHTXLUHPHQWV7KLVOHIWRQO\RQHPRQWKWRFRPSOHWHVWHSVWKURXJKRQFHDQGSHUIRUPDVHFRQG
LWHUDWLRQRIVWHSVWKURXJK7KHLWHUDWLRQZDVMXVWLILHGEHFDXVHWKHFXPXODWLYHNQRZOHGJHJDLQHGDWWKH
FRPSOHWLRQRIVWHSQHFHVVLWDWHGPRGLILFDWLRQWRWKHUHTXLUHPHQWVPDWUL[7KHLWHUDWLRQZDVIRUWXQDWHO\EULHI
EHFDXVHWKHPRGLILFDWLRQVUHTXLUHGZHUHIHZ
7KHWHDPPHPEHUVZRXOGKDYHSUHIHUUHGWRVSHQGPRUHWLPHRQ³URDGWHVWLQJ´DQGDGGLWLRQDOLWHUDWLRQVWKDQ
WKHVFKHGXOHSHUPLWWHG&RQVHTXHQWO\WKHLPSDFWRIDQ\UHPDLQLQJODFNRINQRZOHGJHSHUFHLYHGE\WKHWHDPZDV
LQYDULDEO\WUDQVSRVHGLQWRWKHVWUHQJWKRIWKHILQDOGHFLVLRQVLHWKHGHFLVLRQVFRQWDLQUHODWLYHO\VKRUWWHUPILQDQFLDO
FRPPLWPHQWVDQGLQFOXGHSHULRGLFUHDVVHVVPHQWDQGUHYLHZ
$EULHIGHVFULSWLRQRIWKHWHDPPHPEHUVLVSUHVHQWHGEHORZWRKHOSSURYLGHLQVLJKWLQWRWKHPHWKRGRORJ\DQG
SRWHQWLDOELDVHVWRWKHUHDGHUDVDQRXWVLGHUORRNLQJLQWKDWWKHWHDPPHPEHUVPD\QRWEHFRQVFLRXVO\DZDUHRI
7HDP&RPSRVLWLRQ
7KHVHOHFWLRQWHDPZDVFRPSRVHGRIWKHIRXUDXWKRUVDOOHQJLQHHUV2QHKDVD3K'LQPHFKDQLFDO
HQJLQHHULQJRQHD3K'LQFKHPLFDOHQJLQHHULQJDQGWKHUHPDLQLQJWZRKDYLQJPDVWHUVGHJUHHVLQFKHPLFDO
HQJLQHHULQJ7KUHHKDYHZRUNHGLQLQGXVWU\IRURYHUWZHQW\\HDUVDQGWKHOHDVWH[SHULHQFHGHQJLQHHUKDVVL[WHHQ
\HDUVLQLQGXVWU\(DFKKDVFRQVLGHUDEOHPDWKHPDWLFDOPRGHOLQJRUVLPXODWLRQH[SHULHQFH7ZRRIWKHHQJLQHHUVKDYH
XVHG$63(13OXVIURP$63(17HFKQRORJ\DQG(63IURP2/,6\VWHPV,QFLQWHUPLWWHQWO\LQWKH'2(FRPSOH[
RYHUWKHSDVWGHFDGHDQGWKH\ERWKXVHG352,,IURP6LPXODWLRQ6FLHQFHVH[WHQVLYHO\HDUOLHULQWKHLUFDUHHUVRQHLQ
WKHSHWUROHXPLQGXVWU\DQGWKHRWKHULQWKHFKHPLFDOLQGXVWU\7KHRWKHUWZRHQJLQHHUVKDYHOLWWOHH[SHULHQFHZLWK
FRPPHUFLDOVLPXODWRUVRXWVLGHRIJUDGXDWHVFKRROEXWWKH\KDYHPXFKH[SHULHQFHFUHDWLQJPDWKHPDWLFDODQGFRPSXWHU
PRGHOV±SURFHVVPRGHOLQJRIHOHFWURO\WLFV\VWHPVVXFKDVEDWWHULHVSODWLQJDQGDFLGLFZDVWHWUHDWPHQWDQG
FRPSXWDWLRQDOIOXLGG\QDPLFV&)'DSSOLHGWRQXFOHDUUHDFWRUWKHUPDOK\GUDXOLFVDQGVROLGURFNHWSURSXOVLRQ
,QDGGLWLRQWRWKHLUJUDGXDWHHQJLQHHULQJGHJUHHVRQHWHDPPHPEHUUHFHQWO\FRPSOHWHGKLV0%$DQGDQRWKHU
LVFXUUHQWO\SXUVXLQJDPDVWHUVLQFRPSXWHUVFLHQFH1RQHRIWKHWHDPPHPEHUVKDVHYHUZRUNHGIRUDVRIWZDUH
GHYHORSPHQWFRPSDQ\RULQWKHVLPXODWLRQLQGXVWU\
$OOWKHGHYHORSHUVRIWKH(;&(/EDVHGVLPXODWRUWKDWLVFXUUHQWO\EHLQJXVHGIRUGHVLJQE\+/:3URJUDP
SHUVRQQHODUHPHPEHUVRIWKLVVHOHFWLRQWHDP7KHVHPHPEHUVUHFRJQL]HWKHOLPLWDWLRQVRIWKHFXUUHQW³EODFNER[´
VLPXODWRUDQGKDYHDGYRFDWHGIRUVHYHUDO\HDUVWKDWWKH3URJUDPVKRXOGDFTXLUHWKHSUHGLFWLYHDQGRSWLPL]DWLRQ
FDSDELOLW\WKDWPRUHPHFKDQLVWLFPRGHOLQJFDQSURYLGH
5(48,5(0(176'(),1,7,21
7KHWHFKQLFDOUHTXLUHPHQWVDUHSUHVHQWHGLQWHUPVRIIRXUPDMRUGULYHUVWKHSURFHVVHQYHORSH
IXQFWLRQDOLW\DQGSHUIRUPDQFHWKHUPRG\QDPLFGDWDDQGLQWHJUDWLRQZLWKSDVWSUHVHQWDQGIXWXUHHIIRUWV7KHVH
IRXUVRXUFHVDUHREYLRXVO\QRWLQGHSHQGHQWRIHDFKRWKHUDQGKRZWKH\LQWHUUHODWHWRSURGXFHDFRKHUHQWUHTXLUHPHQWV
PDWUL[ZLOOTXLFNO\EHFRPHHYLGHQW$OOUHTXLUHPHQWGULYHUVH[FHSWIRULQWHJUDWLRQZLWKIXWXUHVFRSHDUHRIHTXDOO\
KLJKLPSRUWDQFH&RQFHUQIRUIXWXUHLQWHJUDWLRQKDVUHODWLYHO\ORZLPSRUWDQFHJLYHQWKHVFRSHDQGVFKHGXOH
XQFHUWDLQW\W\SLFDORI'2(SURJUDPV
3URFHVV(QYHORSH
7KHVLPXODWLRQHIIRUWVVHHNWRVXSSRUWWKHGHYHORSPHQWRIWUHDWPHQWVIRUVROLGFDOFLQHOLTXLGZDVWHDQGWDQN
KHHOVZKLFKDOOFRQWDLQUDGLRDFWLYHDQGKD]DUGRXVZDVWHVLQYDULRXVTXDQWLWLHV7KHPDLQDOWHUQDWLYHVIRUWUHDWPHQWRI
WKHVHZDVWHVFXUUHQWO\LQYROYHYLWULILFDWLRQVHSDUDWLRQVLRQH[FKDQJHJURXWDQGFDOFLQHGLVVROXWLRQ7KHFKHPLFDODQG
KDQGOLQJSURFHVVHVLQYROYHGZLWKWKHVHWHFKQRORJLHVDUHVXPPDUL]HGLQ7DEOH,DQGFRQVWLWXWHWKHSURFHVVHQYHORSHIRU
WKHVLPXODWLRQHIIRUW7KHJHQHUDOW\SHRISURFHVVLVGLVSOD\HGLQWKHILUVWFROXPQZLWKUHSUHVHQWDWLYHXQLWRSHUDWLRQV
OLVWHGLQWKHVHFRQGFROXPQ,QVRPHFDVHVVSHFLILFUHIHUHQFHLVPDGHWRH[LVWLQJRUSODQQHGRSHUDWLRQVDW,1((/IRU
WKRVHIDPLOLDUZLWKWKH+/:3URJUDP$WWKLVHDUO\SRLQWLQWKHWUHDWPHQWSODQQLQJF\FOHWKHSURFHVVGRPDLQVKRZQ
LQ7DEOHLVDVVXPHGWRHQFRPSDVVWKHSRWHQWLDOWUHDWPHQWWUDLQIRUDOO+/:DW,1((/,WLQFOXGHVDOORQVLWH
FKHPLFDOSURFHVVLQJVWRUDJHPRYHPHQWDQGKDQGOLQJRIDOOSULPDU\DQGVHFRQGDU\ZDVWHVWUHDPVFRQVLGHUHGWREH
UHDVRQDEO\SUREDEOHDWWKLVWLPH
7KHSULPDU\IRFXVRIWKHVLPXODWLRQHIIRUWVZLOOEHRQWKHFKHPLFDOWUHDWPHQWSURFHVVHV+RZHYHUORJLVWLFDO
IXQFWLRQVVXFKDVWKHVWRUDJHPRYHPHQWDQGKDQGOLQJRIPDWHULDOVZLOOEHLQFOXGHGWRWLHSURFHVVHVWRJHWKHUDQG
DFFXUDWHO\UHSUHVHQWLQWHUSURFHVVGHSHQGHQFLHVVRWKDWRYHUDOOV\VWHPSHUIRUPDQFHFDQEHDVVHVVHGDQGRSWLPL]HG
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7KHNH\DGYDQWDJHWKLVVLPXODWRUDSSHDUHGWRKDYHRYHUWKHRWKHUWZRLVLWVLQFRUSRUDWLRQRIWKH2/,GDWDEDVH
DQGWKHUPRG\QDPLFPRGHOV8QOLNH$63(13OXVWKDWRIIHUVDVRIWZDUHEULGJHWR2/,VRIWZDUHDVDQDGGRQIRUDQ
DGGLWLRQDOOLFHQVLQJIHH352,,DSSHDUHGWRKDYHFRPSOHWHO\LQWHJUDWHG2/,¶VGDWDEDVHPRGHOVLQWRLWVVLPXODWLRQ
VRIWZDUH7KLVIHDWXUHFRXOGHQKDQFHWKHDFFXUDF\RIVLPXODWLRQUHVXOWVJLYHQ2/,¶VVWURQJIRFXVRQHOHFWURO\WH
WKHUPRG\QDPLFVDQGVSHFLDWLRQIRUWKHHQWLUHSHULRGLFWDEOH
&+(0&$'
&+(0&$'RIIHUHGWKHSRWHQWLDORIEHLQJDOPRVWWKHDOOLQRQHVLPXODWRUSURYLGLQJVWHDG\VWDWHDQGEDWFK
VLPXODWLRQLQWKHVKRUWWHUPDQGFRVWRSWLPL]DWLRQG\QDPLFSURFHVVVLPXODWLRQDQGSURFHVVFRQWUROVLPXODWLRQLQWKH
IXWXUH7KHRQO\IXWXUHFDSDELOLW\LWDSSHDUHGWRODFNZDVGLVFUHWHHYHQWVLPXODWLRQ
7KHUPRG\QDPLF'DWDEDVH0RGHOV
(63
,WZDVGHFLGHGWR³URDGWHVW´WKH2/,GDWDEDVHDQGPRGHOVHWWRGHWHUPLQHLWVSRWHQWLDOYDOXHDGGHGVLQFHLWKDV
DVWURQJHOHFWURO\WHIRFXVUHODWLYHWRWKHRWKHUFRPPHUFLDORIIHULQJVLW¶VLQWHJUDWLRQZLWKWZRRIWKHZLQQLQJVLPXODWRUV
$63(13OXVDQG352,,KDVDOUHDG\EHHQDXWRPDWHGDQGLWVFRQWHQWVLHYDOXHFRXOGWKHRUHWLFDOO\EHPDQXDOO\
DGGHGWRDQ\VLPXODWRUPHHWLQJWKHPLQLPDOSHUIRUPDQFHUHTXLUHPHQWV(63ZDVQRWWHVWHGIXUWKHUDVDVWDQGDORQH
VLPXODWRUEHFDXVHWKHPDUNHWLQJOLWHUDWXUHDQGFXUUHQWH[SHULHQFHRIWHDPPHPEHUVPDGHLWFOHDUWKDWLWVVHWRIXQLW
RSHUDWLRQPRGXOHVZDVXQVDWLVIDFWRU\IRUWKHQHHGVRIWKHSURMHFW$Q\UHIHUHQFHVPDGHLQWKHUHSRUWUHJDUGLQJ³URDG
WHVWLQJ´RI(63DUHPDGHIURPWKHSHUVSHFWLYHRIDVVHVVLQJWKHXQGHUO\LQJSURSHUWLHVGDWDEDVHDQGWKHUPRG\QDPLF
PRGHOVQRWIURPWKHSHUVSHFWLYHRIDFRPSOHWHVLPXODWRU

),1$/6&5((1
7ZR³URDGWHVWV´ZHUHSHUIRUPHGWRWU\WRJHWDTXLFNDQGFRPSUHKHQVLYHFRPSDULVRQRIWKHWKUHHVLPXODWRUV
GHWHUPLQHWKHYDOXHDGGHGIURPSDVWGDWDEDVHHQKDQFHPHQWVGHWHUPLQHWKHSRWHQWLDOEHQHILWRIDFFHVVWR2/,¶V
GDWDEDQNPRGHOVHWDQGDVVHVVWKHSRWHQWLDOEHQHILWWKDWDFRPPHUFLDOVWHDG\VWDWHSURFHVVVLPXODWRUFDQSURYLGH
FRPSDUHGWRD³EODFNER[´DSSURDFK2QHWHVWLQYROYHGEXLOGLQJDVLPSOHSURFHVVPRGHODQGWKHRWKHUWHVWLQYROYHG
XVHUFXVWRPL]DWLRQH[HUFLVHV&KHPVWDWLRQVDQG6LPXODWLRQ6FLHQFHVSURYLGHGWKHWHDPZLWKIUHHWULDOIXOOVWUHQJWK
YHUVLRQVRIWKHLUVLPXODWRUVIRUWKHHYDOXDWLRQ7KHWHDPXVHGH[LVWLQJOLFHQVHVIRU$63(13OXVDQG(63
&+(0&$'DQG352,,DUHDWDGLVDGYDQWDJHLQWKH³URDGWHVWLQJ´EHFDXVHLWLVSRVVLEOHWKDWDQ\SHUFHLYHG
SUREOHPVRUSRRUSHUIRUPDQFHZLWKWKHVHWZRVLPXODWRUVFRXOGEHXQGHUVWRRGDQGHOLPLQDWHGZLWKLQFUHDVHG
XQGHUVWDQGLQJRIWKHSURJUDPV8QIRUWXQDWHO\WKHVHOHFWLRQVFKHGXOHGRHVQ¶WSHUPLWWKHWHDPWRJDLQDVPXFKXVHU
IDPLOLDULW\ZLWKWKHVHWZRSURJUDPVDVLWFXUUHQWO\KDVIRU$63(13OXV1HYHUWKHOHVVDVHOHFWLRQGHFLVLRQKDVWREH
PDGHGHVSLWHVXFKDPELJXLW\DQGGLVSDULW\7KHSXUSRVHRIWKH³URDGWHVWLQJ´LVQRWWRHOLPLQDWHDOONQRZOHGJHJDSV
EXWUDWKHUWROLPLWWKHDPELJXLW\DQGGLVSDULW\DVPXFKDVSRVVLEOH
3URFHVV0RGHOLQJ7HVW
7KHILUVW³URDGWHVW´ZDVEXLOGLQJDQGUXQQLQJDVLPXODWLRQRIVHPLEDWFKHYDSRUDWLRQRIOLTXLGZDVWH,WV
SXUSRVHZDVWRWHVWWKHDELOLW\RIWKHVLPXODWRUVWRSHUIRUPPHGLXPWHPSHUDWXUHYDSRUOLTXLGHTXLOLEULXP9/(
FDOFXODWLRQVRIFULWLFDOQRQUDGLRDFWLYHVSHFLHV0DQ\RIWKHXQLWRSHUDWLRQVLQWKHSURFHVVHQYHORSHLQYROYH9/(RI
WKHVHVSHFLHVDW±&
6HPL%DWFK(YDSRUDWLRQ
6HPLEDWFKHYDSRUDWLRQRIGLOXWHZDVWHLVFXUUHQWO\SHUIRUPHGWRFRQFHQWUDWHOLTXLGZDVWHDQGUHGXFHLWV
YROXPHE\GULYLQJRIIZDWHU7KLVSUHWUHDWPHQWZLOOEHSHUIRUPHGLQWKHIXWXUHIRUOLTXLGZDVWHUHJDUGOHVVRIWKHILQDO
WUHDWPHQWWHFKQRORJ\VHOHFWHGEHFDXVHRILWVZDVWHYROXPHUHGXFWLRQ$EORFNIORZGLDJUDPRIWKHSURFHVVLV
GLVSOD\HGLQ)LJXUH$LUDQGVWHDPMHWVDUHXVHGWRWUDQVIHUWKHOLTXLGZDVWHVRWKHIHHGWDQNV1&&1&&
DQG1&&DUHPRGHOHGDVIODVKHV7KHKLJKOHYHOOLTXLGZDVWHHYDSRUDWRU+//:(LVDVHPLEDWFKRSHUDWLRQ
$IWHUDQLQLWLDOFKDUJHLVJLYHQWRWKHHYDSRUDWRUDGGLWLRQDOIHHGLVDGGHGZKHQWKHSRWYROXPHGURSVEHORZDWKUHVK
KROGYDOXH(QRXJKIHHGLVDGGHGLQHDFKUHFKDUJHRIWKHSRWWREULQJWKHYROXPHXSWRWKHLQLWLDOOHYHO5HFKDUJHV
DUHPDGHXQWLOWKHGHQVLW\RIWKHOLTXLGDWWKHRSHUDWLQJWHPSHUDWXUHRIWKHHYDSRUDWRUUHDFKHVJFP)XUWKHU
FRQFHQWUDWLRQRIWKHOLTXLGLVQRWGHVLUHGEHFDXVHRIFRUURVLRQDQGRSHUDWLRQDOFRQFHUQVVRWKHHYDSRUDWLRQSURFHVVLV
VKXWGRZQDQGWKHERWWRPVWUDQVIHUUHGWRDVWRUDJHWDQNZKHQWKHGHQVLW\OLPLWLVUHDFKHG
8VXDOO\WKUHHWRIRXUUHFKDUJHVRIWKHSRWDUHUHTXLUHGEHIRUHWKHERWWRPVUHDFKWKHGHQVLW\OLPLWVRWKHVHPL
EDWFKSURFHVVZDVPRGHOHGDVDVHULHVRIILYHIODVKHVRQHLQLWLDOFKDUJHDQGIRXUUHFKDUJHV(YHQWKRXJK&+(0&$'
KDVDVHPLEDWFKHYDSRUDWLRQPRGXOHLWZDVQRWXVHGEHFDXVH352,,DQG$63(13OXVGRQ¶W7KHILYHIODVKVHTXHQFH
ZDVXVHGWRDVVXUHDIDLUFRPSDULVRQEHWZHHQWKHWKUHHVLPXODWRUV7KHSURFHVVIORZGLDJUDP3)'RIWKHVLPXODWLRQ
PRGHOLVGLVSOD\HGLQ)LJXUH7KHUHTXLUHGXQLWRSHUDWLRQGDWDIRUWKHVLPXODWLRQLVVKRZQLQ7DEOH7KHIHHG
IUDFWLRQVVKRZQLQWKHVHFRQGFROXPQRI7DEOHIRUWKHVHTXHQWLDOIODVKHVUHSUHVHQWWKHIUDFWLRQRIWKHIHHGVWUHDPVHQW
WRHDFKIODVKRIWKHIHHGLVVHQWWRWKHILUVWIODVKDQGWKHUHPDLQLQJLVGLYLGHGHTXDOO\EHWZHHQWKH
UHPDLQLQJIRXUIODVKHV,WLVHVVHQWLDOO\DSSUR[LPDWLQJWKHLQLWLDOFKDUJHDVRIWKHHQWLUHIHHGSURFHVVHGDQG
DSSUR[LPDWLQJHDFKRIWKHIRXUUHFKDUJHVDVRIWKHHQWLUHIHHGSURFHVVHG7KHVHDSSUR[LPDWLRQVDUHEDVHG
XSRQDFWXDORSHUDWLRQDOGDWDRIWKH+//:(
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(9$325$7,21
6SHFLILFDWLRQV1DPH 7\SH 7HPS& 3UHVVXUHSVLD 9DSRU6SOLW
7DQN1&& SKDVHIODVK 
6WHDP-HW-67 
7DQN1&& SKDVHIODVK 
$LUOLIWMXQFWLRQ
7DQN1&& SKDVHIODVK 
9HQW&RQGHQVHU SKDVHIODVK  
+//:( )HHG)UDFWLRQ SKDVHIODVK
)HHG6SOLW    
)HHG6SOLW   
)HHG6SOLW   
)HHG6SOLW   
)HHG6SOLW
; 
  
+//:(&RQGHQVHU  
7DQN1&& SKDVHIODVK 
9DSRUVSOLWIRUODVWIODVKZDVPDQLSXODWHGWRFRQWUROWKHFXPXODWLYHIORZUDWHRIWKHWRSVIURPDOOILYHIODVKHVWRD
YDOXHRIJPROKU

7KHUHTXLUHGIHHGVWUHDPGDWDIRUWKHVLPXODWLRQLVVKRZQLQ7DEOHV7KHFRPSRVLWLRQOLVWLVLQFRPSOHWHEXW
LWGRHVFRQWDLQHQRXJKRIWKHFULWLFDOVSHFLHVWRSURYLGHDFRPSDUDWLYHDQDO\VLVRIWKHWKUHHVLPXODWRUVDQGDVVHVVWKH
YDOXHRISDVWGDWDHQKDQFHPHQWVDQG2/,¶VGDWDEDVHPRGHOVHW7KHFRPSRVLWLRQDOGDWDIRUWKHOLTXLGZDVWH:0
DQG:0ZDVREWDLQHGIURPFKHPLFDODQDO\VLVRIWDQNVDPSOHVDQGPDVVEDODQFHFDOFXODWLRQVRISUHYLRXVOLTXLG
WUDQVIHUV7KHFRQFHQWUDWLRQYDOXHVIRUWKHVSHFLHVOLVWHGDUHWKHVDPHDVWKRVHXVHGE\WKHFXUUHQWVLPXODWLRQHQJLQHHU
VXSSRUWLQJ+//:(RSHUDWLRQV
$QDYHUDJHIORZUDWHIRUWKHHYDSRUDWRUWRSVGXULQJDQRSHUDWLRQDOEDWFKUXQLVDSSUR[LPDWHO\JPROKU
%HFDXVHLWLVGLIILFXOWWRSUHGLFWGHQVLW\RIHOHFWURO\WHVROXWLRQVWKLVRYHUKHDGIORZUDWHZDVXVHGDVDWHUPLQDWLRQ
FULWHULRQLQWKHVLPXODWLRQ³URDGWHVWV´UDWKHUWKDQERWWRPVGHQVLW\
7KLVVLPSOLILHGHYDSRUDWLRQFDVHLVFRQVLGHUHGDJRRGWHVWFDVHEHFDXVHRIWKHIROORZLQJ
• ,WLVDSURFHVVWKDWLVFXUUHQWO\SDUWRI2SHUDWLRQVVRDFWXDOOLQHGDWDLVDYDLODEOHIRUFRPSDULVRQZLWK
VLPXODWLRQ
• ,WLVDSURFHVVWKDWZLOOEHSDUWRIIXWXUHWUHDWPHQWUHJDUGOHVVRIWKHHYHQWXDOWUHDWPHQWDOWHUQDWLYHVFKRVHQ
• ,WWHVWVWKHDELOLW\RIWKHVLPXODWRUVWRSHUIRUP9/(ZKLFKLVDQDWXUDOSKHQRPHQDXQGHUO\LQJPDQ\RIWKH
XQLWRSHUDWLRQVLQWKHSURFHVVHQYHORSH
• ,WWHVWVWKHVLPXODWRUV¶GDWDEDVHVPRGHOVZLWKUHVSHFWWRPDQ\VSHFLHVLPSRUWDQWWRGRZQVWUHDPRIIJDV
WUHDWPHQW
• $Q$63(13OXVPRGHODOUHDG\H[LVWVLQFRUSRUDWLQJWKHGDWDEDVHHQKDQFHPHQWVPDGHRYHUWKH\HDUV
• 7KLVVDYHVWLPHE\QRWKDYLQJWRFUHDWHDPRGHOLQ$63(13OXV
• 7KLVRIIHUVDQHDV\ZD\WRDVVHVVWKHYDOXHRIWKHGDWDEDVHHQKDQFHPHQWV
• ,WLVDUHODWLYHO\VLPSOHFDVHWKDWZRXOGQRWUHTXLUHWKHWHDPPHPEHUVWREHFRPHH[SHUWXVHUVRIWKH
YDULRXVVLPXODWRUV7KHVHOHFWLRQVFKHGXOHGLGQRWSHUPLWPRUHWKDQDIHZGD\VIRUOHDUQLQJFXUYHV
7KHGUDZEDFNVWRXVLQJHYDSRUDWLRQDVWKHPDLQ³URDGWHVW´DUH
• 7KHUHDUHRYHUWZHQW\GLIIHUHQWXQLWRSHUDWLRQVLQWKHSURFHVVHQYHORSHRIZKLFKVHPLEDWFKHYDSRUDWLRQ
LVRQO\RQH
• ,WGRHVQ¶WWHVWWKHVLPXODWRUV¶DELOLW\WRKDQGOHPDQ\LPSRUWDQWUDGLRDFWLYHVSHFLHV
• ,WGRHVQ¶WWHVWWKHVLPXODWRUV¶DELOLW\WRKDQGOHKLJKWHPSHUDWXUHSURFHVVHV
• 7KHSURFHVVLVVHPLEDWFK
• %HLQJDVHPLEDWFKSURFHVVHUURUPD\EHLQWURGXFHGLQWRWKHVLPXODWLRQVPHUHO\E\KDYLQJWR
DSSUR[LPDWHLWZLWKDVHULHVRIVWHDG\VWDWHIODVKHV(YHQWKRXJKWKLVPD\QRWEHDIDFWRULQWKH
FRPSDUDWLYHDQDO\VLVEHFDXVHWKHDSSUR[LPDWLRQZDVLPSOHPHQWHGLQWKHVDPHZD\LQDOOVLPXODWRUVLW
PD\FORXGWKHDVVHVVPHQWRIWKHYDOXHRIDFRPPHUFLDOVWHDG\VWDWHVLPXODWRUFRPSDUHGWRWKHFXUUHQW
(;&(/³EODFNER[´
• %HLQJDVHPLEDWFKSURFHVVZLWKLQKHUHQWYDULDELOLW\LQWKHQXPEHURIUHFKDUJHVDQGWRWDOIHHG
SURFHVVHGSHUEDWFKWKHOLQHGDWDIRUWKHERWWRPVDQGRYHUKHDGVIURP2SHUDWLRQVPD\FRQWDLQPXFK
YDULDELOLW\

7$%/()(('675($06)25352&(6602'(/7(67
(9$325$7,21
:0
:DVWH
:0
:DVWH
$LU6SDUJH $LU6SDUJH $LU6SDUJH $LU/LIW$LU -HW6WHDP
7HPS&      
3UHVVXUHSVLD       
9DSRU)UDFWLRQ 
5DWH       
XQLWV PG PG NPROG OEPROKU OEPROKU OEPROKU NJGD\
&RQFHQWUDWLRQ PROOLWHU PROOLWHU PROHIUDFWLRQ PROHIUDFWLRQ PROHIUDFWLRQ PROHIUDFWLRQ PDVVIUDFWLRQ
2    
1    
+2       
+12  
12  
+&/  
+)  
1$12  
1$+62  
.12  
+%2  
32 
$/12  
)(12  
&'12  
&$12  
3%12  
+*&/  
1,12  
&512  
=5  

$63(13OXV
7KHPRGHOIRUWKLVWHVWFDVHDOUHDG\H[LVWV,WZDVEXLOWSUHYLRXVO\WRKHOS2SHUDWLRQVGHWHUPLQHRSWLPXP
ZDVWHEOHQGLQJVWUDWHJLHVIRUWKH+//:(7KHGDWDEDVHHQKDQFHPHQWVPDGHRYHUWKH\HDUVDQGGLVFXVVHGHDUOLHU
ZHUHUHPRYHGVRWKDW$63(1¶VRZQGDWDEDQNVZRXOGEHWKHVRXUFHRISURSHUWLHVDQGWKHUPRG\QDPLFGDWDPRGHOV
7KHHOHFWURO\WH157/PRGHOZDVVHOHFWHGWRUHSUHVHQWWKHDTXHRXVFKHPLVWU\
352,,
7KLVSURJUDPKDVDQLQWXLWLYHXVHULQWHUIDFHDQGLVHDVLHUWRXVHWKDQ$63(13OXV7KHVLPXODWLRQHQJLQHHU
WHVWLQJLWZDVDEOHWRTXLFNO\EXLOGDQGUXQWKHWHVWPRGHO7KH2/,GDWDEDQNPRGHOVRSWLRQZDVVHOHFWHGWRUHSUHVHQW
WKHDTXHRXVHOHFWURO\WHFKHPLVWU\UDWKHUWKDQ157/LQRUGHUWREHWWHUFRPSDUH352,,ZLWK(63(63¶VRQOLQHKHOS
H[SODLQVWKDWWKH2/,WKHUPRG\QDPLFIUDPHZRUNIRUDTXHRXVHOHFWURO\WHFKHPLVWU\LVEDVHGXSRQWKH5HYLVHG
+HOJHVRQ(TXDWLRQRI6WDWHDQGWKH%URPOH\=HPDLWLVDQG3LW]HUIRUPXODWLRQV,WLVDVVXPHGWKDWWKH2/,
GDWDEDQNPRGHOVRSWLRQLQ352,,XVHVWKHVDPHWKHUPRG\QDPLFIUDPHZRUNDV(63
7KHRQO\VXUSULVHIRUWKHWHDPFRQFHUQHGWKHGDWDEDVH,WZDVDVVXPHGWKDWWKHVLPXODWRU¶VGDWDEDVHZRXOGEH
WKHVDPHDV2/,¶V(63VLPXODWRUVLQFH352,,FODLPVWRKDYH2/,¶VGDWDEDVHDVDQLQWHJUDWHGGDWDEDQN,WZDVD
VXUSULVHWKHQWRILQGWKDWPHUFXU\FKORULGHVSHFLHVGLGQ¶WH[LVWLQ352,,¶VGDWDEDVHJLYHQWKDWWKHFXUUHQWYHUVLRQRI
2/,KDVWKHP$FDOOWR6LPXODWLRQ6FLHQFHV¶WHFKQLFDOVXSSRUWUHYHDOHGWKDWWKHFXUUHQWDQGIRXU\HDUROGYHUVLRQRI
2/,LVQ¶WLQWHJUDWHGLQWR352,,EXWUDWKHUWKHSUHYLRXVYHUVLRQLV&RQVHTXHQWO\HLWKHUPHUFXU\FKORULGH
VSHFLHVZHUHQ¶WLQFOXGHGLQYHUVLRQRUWKHLQWHJUDWLRQLVQRWDVFRPSOHWHDVFODLPHG7KLVVLWXDWLRQFDXVHVRQHWR
TXHVWLRQ6LPXODWLRQ6FLHQFHV¶FRQWLQXHGFRPPLWPHQWWRWKHLQWHJUDWLRQRI2/,ZKHQYHUVLRQLVIRXURUPRUH\HDUV
ROGDQGLWKDV\HWWREHLQFRUSRUDWHGLQWR352,,
7KHDEVHQFHRIPHUFXU\FKORULGHVSHFLHVLQWKHGDWDEDVHZDVGLVDSSRLQWLQJEHFDXVHWKHWUHDWPHQWRIPHUFXU\
LQWKHRIIJDVLVH[SHFWHGWREHDQLPSRUWDQWWHFKQRORJLFDOKXUGOHDQGWKHFDSDELOLW\WRSUHGLFWSDUWLWLRQLQJRIPHUFXU\
IURPHYDSRUDWLYHSUHWUHDWPHQWZRXOGKHOSSURFHVVDQGHTXLSPHQWGHVLJQRIGRZQVWUHDPXQLWRSHUDWLRQV
&+(0&$'
7KHSURJUDPLVDOVRYHU\XVHUIULHQGO\DQGLWZDVUHODWLYHO\HDV\IRUWKHVLPXODWLRQHQJLQHHUWRTXLFNO\
DVVLPLODWHHQRXJKWRQDYLJDWHLQWKHSURJUDPEXLOGWKHPRGHODQGUXQWKHVLPXODWLRQ&KHPVWDWLRQ¶VWHFKQLFDO
VXSSRUWZDVH[WUHPHO\UHVSRQVLYH7KHHOHFWURO\WH157/PRGHOZDVVHOHFWHGWRUHSUHVHQWWKHDTXHRXVFKHPLVWU\
7KHELJGHILFLHQF\LQ&+(0&$'WKDWZDVUHYHDOHGE\WKLVWHVWFDVHZDVWKHSURJUDP¶VODFNRIFULWLFDOVSHFLHV
LQLWVGDWDEDVH1RQHRIWKHVSHFLHVOLVWHGDIWHU32LQ7DEOHH[LVWHGLQ&+(0&$'¶VGDWDEDVH,WZDVIHOWWKDWWKH
DEVHQFHRIWKHVHVSHFLHVZRXOGFDXVHDSSUHFLDEOHHUURULQWKHUHVXOWV7KHODFNRIVHYHUDOQLWUDWHVDOXPLQXPLURQ
FDGPLXPFDOFLXPDQGOHDGZRXOGLPSDFWWKHSUHGLFWHGSDUWLWLRQLQJRIQLWULFDFLGDQGWKHSRWDVVLXPDQGVRGLXP
QLWUDWHV1RWKDYLQJ$O12ZRXOGRYHUHVWLPDWHWKHYRODWLOLW\RI+)EHFDXVHDOXPLQXPDQGIOXRULGHDUHNQRZQWR
IRUPLRQLFFRPSOH[HVLQDTXHRXVVROXWLRQV$VZLWK352,,WKHDEVHQFHRIPHUFXU\FKORULGHVSHFLHVLQWKHGDWDEDVH
ZDVGLVDSSRLQWLQJ
5HVXOWV
&RPSDULVRQRI%DVH6LPXODWRUV
7KHUHVXOWVRIWKHWHVWVLPXODWLRQVDUHVKRZQLQ7DEOH7KH³2SHUDWLRQV¶'DWD´FROXPQVUHIHUWRDFWXDOGDWD
IURPILYHEDWFKHVUXQE\2SHUDWLRQVIRUWKHIHHGEOHQGRI:0DQG:0ZDVWHWDQNVVKRZQLQ7DEOH,WFDQ
EHVHHQWKDWWKHUHLVODUJHLQWHUEDWFKYDULDWLRQIRUWKHLRQLFFRPSRVLWLRQRIWKHFRQGHQVHGRYHUKHDG&RQGHQVDWH7KH
YDOXHRIWKHVWDQGDUGGHYLDWLRQLVDSSUR[LPDWHO\KDOIRIWKHDYHUDJHIRUPRVWVSHFLHV
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7KHDFFXUDF\PHWULFWKHGLVWDQFHIURPWKHDYHUDJHLVWKHGLIIHUHQFHEHWZHHQWKHSUHGLFWHGFRQFHQWUDWLRQDQG
RSHUDWLRQV¶DYHUDJHQRUPDOL]HGE\RSHUDWLRQV¶VWDQGDUGGHYLDWLRQ7KHVPDOOHUWKHDEVROXWHYDOXHRIWKHPHWULFWKH
PRUHDFFXUDWHLHFORVHUWRRSHUDWLRQV¶DYHUDJHWKHSUHGLFWLRQ&+(0&$'FRQVLGHUDEO\RYHUHVWLPDWHVWKHDPRXQW
RIK\GURJHQDQGIOXRULGHLQWKHRYHUKHDGVPRVWOLNHO\GXHWRWKHODFNRIDFFRXQWLQJIRUDOXPLQXPIOXRULGHFRPSOH[LQJ
DVDQWLFLSDWHG,WLVXQFOHDUZK\352,,HVWLPDWHGVXFKDJUHDWHUSUHVHQFHRIIOXRULGHLQWKHRYHUKHDGVWKDQ$63(1
3OXV,WPLJKWEHGXHWRGLIIHUHQFHVLQWKHWKHUPRG\QDPLFPRGHOVXVHGE\WKHWZRSURJUDPV,WLVLQWHUHVWLQJWRQRWH
WKDW$63(13OXVXQGHUHVWLPDWHGWKHSUHVHQFHRIDOOIRXUVSHFLHVLQWKHRYHUKHDGV
,IDOOVSHFLHVKDYHHTXDOLPSRUWDQFHWKHQWKHDYHUDJHDEVROXWHGLVWDQFHFDQEHXVHGWRUDQNWKHDFFXUDF\RIWKH
WKUHHVLPXODWRUV,QWKLVFDVH$63(13OXVLVFOHDUO\WKHPRVWDFFXUDWHDQG&+(0&$'LVFOHDUO\WKHOHDVWDFFXUDWH
:LWKUHVSHFWWRLQGLYLGXDOVSHFLHVKRZHYHU352,,SUHGLFWHGEHVWK\GURJHQDQGFKORULGHYRODWLOLW\DQG$63(13OXV
ZDVWKHPRVWDFFXUDWHIRUIOXRULGHDQGPHUFXU\352,,DQG&+(0&$'RIFRXUVHFRXOGQRWSUHGLFWPHUFXU\
YRODWLOLW\EHFDXVHRIPHUFXU\¶VQRWLFHDEOHDEVHQFHIURPWKHLUGDWDEDVHV
$GGHG9DOXHRI3DVW'DWD(QKDQFHPHQWV
2QHFDQVHHWKDWWKHSDVWGDWDEDVHHQKDQFHPHQWVDUHEHQHILFLDOE\FRPSDULQJUHVXOWVIRUEDVH$63(13OXVDQG
$63(13OXV:(QKDQFHPHQWVVKRZQLQ7DEOH7KHDEVROXWHDYHUDJHGLVWDQFHLVVPDOOHUE\DERXWRIDVWDQGDUG
GHYLDWLRQZLWKWKHHQKDQFHPHQWVDQGDFFXUDF\IRUWKUHHRIWKHIRXUVSHFLHVLVLPSURYHG
,PSURYHPHQWLQDFFXUDF\LVH[SHFWHGJLYHQWKHIDFWWKDWWKHGDWDEDVHHQKDQFHPHQWVZHUHVSHFLILFDOO\IRFXVHG
RQ+//:(WRVXSSRUW2SHUDWLRQV6RPHRIWKHHQJLQHHUVWKDWVXSSRUW2SHUDWLRQVH[SUHVVVWURQJSRVLWLYHIHHOLQJV
UHJDUGLQJWKHHQKDQFHPHQWVDQGWKHQHHGWRNHHSWKHP7KH9/(RIVSHFLHVIRUZKLFKWKHGDWDHQKDQFHPHQWVZHUH
PDGHLVDOVRLQYROYHGLQVHYHUDORIIJDVXQLWRSHUDWLRQV&RQVHTXHQWO\LWLVDVVXPHGWKDWWKHVHGDWDHQKDQFHPHQWVZLOO
LPSURYHWKHPRGHOILGHOLW\RIVHYHUDORWKHUXQLWRSHUDWLRQVLQVLPLODUIDVKLRQDQGDUHZRUWKNHHSLQJ
%HQHILWRI7LHWR2/,'DWDEDQN0RGHO6HW
)URP352,,DQG&+(0&$'
7KHELJGLIIHUHQFHEHWZHHQWKHUHVXOWVRI352,,DQG(63VKRZQLQ7DEOHLVVXUSULVLQJDQGFDXVHVWKH
VHOHFWLRQWHDPWRDJDLQTXHVWLRQWKHFRPSOHWHQHVVRI352,,¶VLQFRUSRUDWLRQRI2/,¶VGDWDEDQNPRGHOVHW,VWKH
GLIIHUHQFHLQUHVXOWVVROHO\EHFDXVHRIGDWDEDVHGLIIHUHQFHVEHWZHHQ(63DQG(63"7KHVHOHFWLRQWHDP
UHTXHVWHGDWULDOYHUVLRQRI(63WRDVVHVVWKHGLIIHUHQFHVLQWKHGDWDEDVHVLQDQDWWHPSWWRDQVZHUWKLVTXHVWLRQEXW
2/,6\VWHPV,QFUHIXVHGVD\LQJWKDWLWGRHVQ¶WSDVVRXWROGYHUVLRQVIRUZKLFKLWQRORQJHUSURYLGHVWHFKQLFDO
VXSSRUW6RWKHH[DFWUHDVRQVIRU352,,¶VSRRUHUSHUIRUPDQFHUHODWLYHWR(63UHPDLQVXQDQVZHUHG5HJDUGOHVVWKH
VLPXODWLRQUHVXOWVVXJJHVWWKDWFRPSOHWHLQFRUSRUDWLRQRI2/,¶VFXUUHQWGDWDEDVHZRXOGEHEHQHILFLDOWR352,,,W
LVDOVRREYLRXVWKDWDWLHWR2/,ZRXOGEHYHU\EHQHILFLDOIRU&+(0&$'EXWRQHGRHVQRWFXUUHQWO\H[LVW
)URP$63(13OXV
7DEOHVKRZVWKDW(63KDVZRUVHDFFXUDF\PHWULFVWKDQ$63(13OXVZLWKRUZLWKRXWWKHGDWDHQKDQFHPHQWV
ZLWKRQHH[FHSWLRQWKHEDVH$63(13OXV¶SUHGLFWLRQRIPHUFXU\FRQFHQWUDWLRQLVOHVVDFFXUDWHWKDQWKDWRI(637KLV
VXJJHVWVWKDWDWLHWR2/,¶VGDWDEDVHIURP$63(13OXVZRXOGSURYLGHOLWWOHLIDQ\EHQHILWWRWKHSUHGLFWLQJRISKDVH
SDUWLWLRQLQJRINH\QRQUDGLRDFWLYHVSHFLHVGXULQJ+//:(RSHUDWLRQV+RZHYHUWKLVGRHVQ¶WPHDQWKDWWKH2/,
GDWDEDVHZRXOGQRWSURYLGHDQ\VLPXODWLRQEHQHILWV7RWKHFRQWUDU\WKH2/,GDWDEDVHLQFOXGHVVHYHUDOVSHFLHV
LPSRUWDQWWRPDQ\XQLWRSHUDWLRQVVXFKDVUDGLRDFWLYHFRPSRXQGVWKDWDUHQRWIRXQGLQ$63(13OXV¶RZQGDWDEDQNV

$63(13OXVKDVDQDGGRQIRUDQDGGLWLRQDOIHHWKDWDOORZVLWWRWLHLQWR2/,¶VSK\VLFDOSURSHUWLHVGDWDEDVH
DQGPRGHOV7KHDGGRQDSSHDUVWRLQFOXGHDSRUWLRQRI(63WKH2/,GDWDEDQNPRGHOVHWDQGVRPHXQLWRSHUDWLRQ
DOJRULWKPVDQGDVRIWZDUHEULGJHWKDWOLQNVLWWRWKH$63(13OXVVRIWZDUH
7KHWHDPSHUIRUPHGDRQHVDOWDTXHRXVIODVKWHVWFDVHXVLQJDWULDOYHUVLRQRIWKHEULGJHSURYLGHGIUHHRI
FKDUJHE\$63(17HFKQRORJLHV7KLVKDQGVRQH[SHULHQFHUDLVHGVRPHFRQFHUQV,WZDVKRSHGWKDWWKHEULGJHZRXOG
WUHDWWKH2/,GDWDEDQNPRGHOVHWMXVWOLNHDQ\RWKHUGDWDEDQNLQWHUQDOWR$63(13OXV+RZHYHUVXFKFRPSOHWH
WUDQVSDUHQF\WRWKHXVHULVQRWSURYLGHGE\WKHEULGJH,QVWHDGWKHEULGJHUHTXLUHVXVHULQWHUYHQWLRQWKDWLVQRW
QHFHVVDU\ZKHQVZLWFKLQJEHWZHHQ$63(1¶VLQWHUQDOGDWDEDEDQNV7KHXVHUKDVWRPDQXDOO\FRPSDUHWKHFKHPLVWU\
ILOHVRIWKHWZRVLPXODWRUVJHQHUDWHGE\WKHEULGJHVRIWZDUHDQGPRGLI\WKHVSHFLHV¶QDPHVLQWKH$63(13OXVILOH
ZKLFKKDVD³ENS´H[WHQVLRQWREHFRQVLVWHQWZLWKWKRVHLQWKH2/,ILOH2QHKDVWRUHSHDWWKLVSURFHVVHYHU\WLPH
VSHFLHVDUHDGGHGWRWKHVROXWLRQFKHPLVWU\7KLVSDUWRIWKHPRGHOFUHDWLRQZDVSHUIRUPHGIRUWKHUHODWLYHO\VLPSOH
+//:(WHVWFDVH7KHUHVXOWZDVDOLVWRIRYHUVSHFLHQDPHVLQHDFKRIWKHVLPXODWRUV¶FKHPLVWU\ILOHVHDFKQDPH
UHTXLULQJPDQXDOFRPSDULVRQDQGUHFRQFLOLDWLRQEHWZHHQWKHWZRILOHV$QHQWLUHWUHDWPHQWWUDLQZLOOFRQWDLQRYHU
WZHQW\XQLWRSHUDWLRQVDQGZLOOKDYHPDQ\PRUHVSHFLHVWKDQMXVWWKHIHZLQFOXGHGLQWKH+//:(WHVWFDVH7KH
PRGHOVZLOOEHEXLOWJUDGXDOO\H[SDQGLQJWKHVROXWLRQFKHPLVWU\DQGQXPEHURISURFHVVLQJXQLWVZLWKWLPHVRWKLV
ODERULQWHQVLYHVWHSZLOOKDYHWREHUHSHDWHGPDQ\WLPHVGXULQJDPRGHO¶VOLIHF\FOH
7KHEULGJHDSSHDUVWRLQFUHDVHWKHGLIILFXOW\RIXVLQJD³GLYLGHDQGFRQTXHU´VWUDWHJ\IRUPRGHOGHYHORSPHQW
SDUFHOLQJRXWSRUWLRQVRIWKHPRGHOWRSURMHFWSHUVRQQHODQGPDLQWDLQLQJDQLQWHJUDWHGPRGHOE\SHULRGLFDOO\PHUJLQJ
XSGDWHVRIWKHVXEPRGHOV2SWLPL]DWLRQUXQVDQGGHVLJQHIIRUWVXVLQJLQGLYLGXDOVXEPRGHOVZRXOGKDYHOLWWOHYDOXHIRU
LQWHJUDWHGGHVLJQXQOHVVWKH\ZHUHSHUIRUPHGZLWKWKHVDPHSURSHUW\PRGHOVXVHGE\WKHEULGJHEDVHGLQWHJUDWHG
PRGHO&RQVHTXHQWO\FRQWULEXWLQJVLPXODWLRQHQJLQHHUVZKRVHVXEPRGHOVZHUHUHTXLUHGWRXVH2/,WRVXSSRUW
LQWHJUDWHGRSWLPL]DWLRQZRXOGKDYHWRXVHWKHEULGJHIRUWKHLURZQGHVLJQVWXGLHVLQRUGHUWRPDLQWDLQFRQVLVWHQF\LQ
WKHGHVLJQGHFLVLRQV,WLVQRWNQRZQKRZPXFKODERUZLOOEHUHTXLUHGWRPDLQWDLQFRQVLVWHQF\LQWKHEULGHJHQHUDWHG
FKHPLVWU\ILOHVEHWZHHQWKHLQWHJUDWHGPRGHODQGWKHLQGLYLGXDOVXEPRGHOV
7KHEULGJHDOVRPD\LQFUHDVHWKHGLIILFXOW\RILQWHJUDWLQJZLWKWKHVLPXODWLRQHIIRUWVRIJURXSVRXWVLGHRIWKH
SURMHFWWKDWXVH$63(13OXV7KHFUHDWLRQDQGPDLQWHQDQFHRIVRPHRIWKHSRWHQWLDOVXEPRGHOVDUHDQGZLOOSUREDEO\
FRQWLQXHWREHVXSSRUWHGE\RWKHUGHSDUWPHQWVWRVROYHVSHFLILFSUREOHPVRIDQDUURZHUVFRSHVXFKDVWKH+//:(
PRGHOWKDWFXUUHQWO\VXSSRUWV2SHUDWLRQV7KHVHPRGHOVFRXOGEHPHUJHGLQWRWKHLQWHJUDWHGPRGHOWRVDYH
GHYHORSPHQWHIIRUWVEXWWKH\ZHUHQRWPDGHIRUWKDWLQWHQWQRUZHUHWKH\EXLOWXVLQJWKHEULGJH,QVRPHFDVHVWKH
RULJLQDODLPRIWKHPRGHOVPD\KDYHOLWWOHQHHGIRUWKHXVHRIWKH2/,GDWDEDVH7KHVLPXODWLRQHQJLQHHUVUHVSRQVLEOH
IRUVXFKSRWHQWLDOVXEPRGHOVPD\UHVLVWXVLQJWKHEULGJHPHUHO\WRVXSSRUWWKHREMHFWLYHVRIWKLVSURMHFWZKHQWKH
LQFUHDVHGODERUIURPWKHEULGJHUHTXLUHGXVHULQWHUYHQWLRQVGRHVQ¶WEHQHILWWKHLURZQZRUN
$FFRUGLQJWROLWHUDWXUHIURP$63(17HFKQRORJLHVDQG6LPXODWLRQ6FLHQFHVWKHVWUHQJWKRI2/,¶VGDWDEDQNLV
LWVEUHDGWKRIVSHFLDWLRQDWORZHUWHPSHUDWXUHVDQGWKHVWUHQJWKRI$63(13OXV¶GDWDEDQNVLVLWVODUJHWHPSHUDWXUH
UDQJH2/,KDVPRUHVSHFLHVEXWDUHVWULFHGWHPSHUDWXUHUDQJH$63(1KDVIHZHUVSHFLHVEXWDELJJHUWHPSHUDWXUH
UDQJH7KLVSURYLGHVERWKDQDGYDQWDJHDQGDGLVDGYDQWDJH
7KHDGYDQWDJHLVWKDWWKHEULGJHZLOODOORZDVLPXODWLRQHQJLQHHUWRXVH2/,¶VGDWDEDQNPRGHOVHWIRUWKRVH
XQLWRSHUDWLRQVUHTXLULQJPHGLXPWHPSHUDWXUHHTXLOLEULXPDQG$63(1¶VGDWDEDQNVIRUWKRVHXQLWRSHUDWLRQVLQYROYLQJ
KLJKWHPSHUDWXUHJDV7KHHQWLUHWUHDWPHQWSURFHVVHQYHORSHLQYROYHVERWKW\SHVRIXQLWRSHUDWLRQVVRLWDSSHDUVWKDW
WKHEULGJHZRXOGDSSUHFLDEO\LQFUHDVHWKHIXQFWLRQDOLW\RI$63(13OXVIRUWKLVSURMHFW
7KHGLVDGYDQWDJHKRZHYHULVWKDW2/,¶VWHPSHUDWXUHUDQJHRIIRFXVLVWKHVDPHDVWKDWRIWKHSDVWGDWDEDVH
HQKDQFHPHQWVPDGHE\,1((/HQJLQHHUVRYHUWKH\HDUV2QO\RQHGDWDEDQNFDQEHDVVLJQHGWRDXQLWRSHUDWLRQ,Q
RUGHUWRXVHWKHVHGDWDEDVHHQKDQFHPHQWVDQG2/,LQDFRPSOHPHQWDU\PDQQHULHXVHWKHPVLPXOWDQHRXVO\IRUDXQLW
RSHUDWLRQLQYROYLQJPHGLXPWHPSHUDWXUHHTXLOLEULXPZRXOGUHTXLUHWUDQVSRUWLQJWKHHQKDQFHPHQWVWR2/,VRWKDWWKH
EULGJHZRXOGFRQVLGHUWKHPSDUWRIWKH2/,GDWDEDQN
,URQLFDOO\WKHGLVDGYDQWDJHVRIWKHEULGJHZLWKUHVSHFWWRLQWHJUDWLRQZLWKRWKHUVLPXODWLRQJURXSVDQGSDVW
GDWDEDVHHQKDQFPHQWVDUHVXFKWKDWWKH$63(13OXV2/,FRPELQDWLRQYLDWKHEULGJHKDVVRPHRIWKHVDPHGUDZEDFNV

DVDQ\QRQ$63(1FDQGLGDWHDQGDWWDFNVWKH³%HVW´FDWHJRUL]DWLRQ$63(13OXVUHFHLYHGIRULQWHJUDWLRQLQWKH
UHTXLUHPHQWVPDWUL[DVVHVVPHQW³6ZLWFKLQJ´FRVWVZRXOGHVVHQWLDOO\EHLQFXUUHGVLPLODUWRWKHFDVHRI&+(0&$'
RU352,,EHLQJFKRVHQ
7KHVLQJOHXVHUDQQXDOOLFHQVHIHHIRUWKHEULGJHDGGRQLVDURXQG.FORVHWRWKHIHHIRU(63LWVHOI,QWKH
FDVHRIDQDQQXDOO\UHQHZDEOHWZRXVHUQHWZRUNOLFHQVHWKHDQQXDOLQFUHPHQWDOFRVWIRUWKHEULGJHLVURXJKO\.
VRWKHLQFUHPHQWDOFRVWSHUXVHUGHFUHDVHVFRQVLGHUDEO\DVWKHQXPEHURIXVHUVLQFUHDVHV5HJDUGOHVVRIWKHQXPEHURI
XVHUOLFHQVHVOHDVHGLWDSSHDUVWKDWXVLQJWKHEULGJHZRXOGLQFUHDVHDQQXDOOLFHQVLQJFRVWVE\.RUPRUH
&RQFOXVLRQV
7KHIROORZLQJFRQFOXVLRQVDUHPDGHIURPWKHVHPLEDWFKHYDSRUDWLRQ³URDGWHVW´
• %RWK&+(0&$'DQG352,,KDYHDQHDVLHUXVHULQWHUIDFHDQGDUHQRWLFHDEO\OHVVGLIILFXOWWROHDUQKRZWRXVH
WKDQ$63(13OXV+RZHYHUWKHGLIIHUHQFHLQHDVHRIXVHLVQRWODUJHHQRXJKWREHDGLVFULPLQDWLQJIDFWRUDJDLQVW
$63(13OXV
• &+(0&$'KDVDUHODWLYHO\SRRUGDWDEDVHWKDWUHVXOWVLQXQDFFHSWDEO\ORZDFFXUDF\7KHRQO\ZD\WRRYHUFRPH
WKLVGHILFLHQF\ZRXOGEHWRPDQXDOO\HQWHUGDWDEDVHHQKDQFHPHQWVIRUWKHPDQ\VSHFLHVH[FOXGHGIURPLWV
GDWDEDVH
• 352,,¶VDFFXUDF\LVPL[HG,WLVWKHPRVWDFFXUDWHIRUVRPHVSHFLHVDQGLQDFFXUDWHIRURWKHUV7KLVSURGXFW¶V
GDWDEDVHDOVRODFNVVRPHFULWLFDOVSHFLHVIRUZKLFKGDWDZRXOGQHHGWREHPDQXDOO\HQWHUHG
• :KHWKHURUQRWLWVGDWDEDVHLQFOXGHVWKRVHVSHFLHVDVVXPHGWREHXQLTXHWR2/,¶VGDWDEDVHVXFKDVUDGLRDFWLYH
VSHFLHVLVVWLOOXQFOHDUJLYHQLWVFRPSDULVRQZLWK(63¶VSHUIRUPDQFHDQGPHUFXU\FKORULGHGDWD
• $63(13OXVKDVWKHEHVWDOODURXQGDFFXUDF\IRUPHGLXPWHPSHUDWXUHORZV&9/(IRUFULWLFDOQRQ
UDGLRDFWLYHVSHFLHV
• 7KHGDWDEDVHHQKDQFHPHQWVPDGHE\,1((/HQJLQHHUVRYHUWKH\HDUVGRLPSURYHWKHDFFXUDF\RI+//:(
VLPXODWLRQV,WLVDVVXPHGWKDWWKH\ZLOODOVRLPSURYHPRGHODFFXUDF\RIVHYHUDORIIJDVWUHDWPHQWXQLW
RSHUDWLRQV
• 7KHGDWDHQKDQFHPHQWVDUHZRUWKNHHSLQJ7KH\VKRXOGEHSRUWHGLIDVLPXODWRURWKHUWKDQ$63(13OXVLV
VHOHFWHG
• 3URFXUHPHQWRIDFRPPHUFLDOVWHDG\VWDWHSURFHVVVLPXODWRULVZRUWKSXUVXLQJIRUWKLVSURMHFW
• $QDFFXUDF\OHYHOZLWKLQWLPHVDFWXDOVWDQGDUGGHYLDWLRQVFDQEHDFKLHYHGIRUSUHGLFWHGFRQFHQWUDWLRQVRI
PDQ\VSHFLHVGHHPHGFULWLFDOWRVHYHUDOXQLWRSHUDWLRQVE\PHFKDQLVWLFPRGHOLQJRIPHGLXPWHPSHUDWXUH
9/(
• $SSUHFLDEOHGDWDEDVHHQKDQFHPHQWZLOOEHUHTXLUHGUHJDUGOHVVRIZKLFKVLPXODWRULVVHOHFWHG
• &+(0&$'ODFNVPXFK352,,ODFNVVRPH$63(13OXVODFNVUDGLRDFWLYHVSHFLHVDQG(63ODFNVKLJK
WHPSHUDWXUHFRQWHQW
• 5HLQIRUFHVWKHQHHGIRU³5RDGWHVWLQJ´RIVLPXODWRUV¶XVHUFXVWRPL]DWLRQFDSDELOLWLHV
• 7KHFRQVHTXHQFHVRIXVLQJWKH$63(13OXV2/,EULGJHDGGRQDUHPL[HG
• 'RHVQ¶WSURYLGHLQFUHDVHGRYHUDOODFFXUDF\IRUPHGLXPWHPSHUDWXUHHTXLOLEULXPRIFULWLFDOQRQUDGLRDFWLYH
VSHFLHV
• 3URV
• 2/,PD\KDYHODUJHVWQXPEHURIVSHFLHVDWORZHUWHPSHUDWXUHVRIDQ\VLPXODWLRQGDWDEDVH
• *DLQDFFHVVWRFULWLFDOUDGLRDFWLYHVSHFLHVQRWDYDLODEOHLQRWKHUVLPXODWRUVIRUPHGLXPWHPSHUDWXUH
HTXLOLEULXPZKLOHPDLQWDLQLQJDFFHVVWR$63(1¶VKLJKWHPSHUDWXUHGDWD
• ,QFUHDVHGIXQFWLRQDOLW\IRUDSURFHVVHQYHORSHWKDWVSDQVERWKWHPSHUDWXUHUHJLPHV
• &RQV
• ,QFUHDVHVDQQXDOOLFHQVLQJFRVWVE\.RUPRUH
• $PRXQWVWR.RUPRUHRYHUWKUHH\HDUV
• ,QFUHDVHVODERUFRVW
• 8VHULQWHUYHQWLRQLVUHTXLUHGZKHQPDNLQJFKDQJLQJVROXWLRQFKHPLVWU\
• 0D\EHODERULRXVWRPDLQWDLQFRQVLVWHQF\EHWZHHQEULGJHJHQHUDWHGFKHPLVWU\ILOHVRIVSHFLDOL]HG
VXEPRGHOVDQGWKHLQWHJUDWHGPRGHO

• ³6ZLWFKLQJFRVWV´LQFXUUHGLILQWHJUDWLRQFDSDELOLW\LVWREHPDLQWDLQHG
• ,QFUHDVHGGLIILFXOW\LQWHJUDWLQJZLWKVLPXODWLRQHIIRUWVRIRWKHUJURXSV
• 7UDQVSRUWLQJSDVW$63(13OXVGDWDEDVHHQKDQFHPHQWVWR2/,
8VHU6XSSOLHG'DWDEDVH(QKDQFHPHQWV
7KHSURFHVVPRGHO³URDGWHVW´UHLQIRUFHGWRWKHWHDPWKHUHDOLW\WKDWGDWDEDVHHQKDQFHPHQWVZRXOGEHUHTXLUHG
UHJDUGOHVVRIZKDWVLPXODWRULVFKRVHQ&RQVHTXHQWO\DWWHPSWVZHUHPDGHWRDGGVSHFLHVWRWKHVLPXODWRUV¶GDWDEDVHV
7KLVH[HUFLVHZDVQRWSHUIRUPHGRQ$63(13OXVEHFDXVHLWLVDOUHDG\NQRZQWKDWVDWLVIDFWRU\FDSDELOLW\IRUXVHU
VXSSOLHGGDWDEDVHHQKDQFHPHQWVH[LVWVWKURXJKSHUVRQDOH[SHULHQFHRIWHDPPHPEHUV
352,,
&UHDWLQJQHZVSHFLHVZDVHDV\DQGQRSUREOHPVZHUHHQFRXQWHUHGEXWGDWDUHJUHVVLRQJDYHPL[HGUHVXOWV
352,,ZLOORQO\UHJUHVVGDWDWR157/QRW2/,¶VPRGHO7KDWEULQJVXSWKHTXHVWLRQRIZKHWKHURUQRWDXVHUFDQ
VLPXOWDQHRXVO\XVH2/,DQG157/PRGHOVHDFKIRUDGLIIHUHQWVHWRIVSHFLHVLQWKHVDPHVLPXODWLRQ7KHWHDP
GRHVQ¶WNQRZWKHDQVZHUWRWKDWTXHVWLRQ
5HJUHVVLQJ9/(GDWDZDVHDV\WRSHUIRUPEXWWKHWKHUPRG\QDPLFFRUUHODWLRQFUHDWHGKDGSRRUDFFXUDF\
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,1((/LQWHUQDOUHSRUWVRISDVW$63(13OXVGDWDEDVHHQKDQFHPHQWVUHYHDOWKDW$63(13OXV¶UHJUHVVLRQRIWKH
VDPHGDWDFRPSDUHGZHOOWRWKHH[SHULPHQWDOYDOXHV7KHH[SODQDWLRQVIRUWKHGLVFUHSDQF\EHWZHHQWKHWZR
UHJUHVVLRQVDUHXQNQRZQ
&+(0&$'
7KHVLPXODWLRQHQJLQHHUWULHGWRHQWHUVHYHUDOQHZVSHFLHVDQGWKHLUFRUUHVSRQGLQJHTXLOLEULXPHTXDWLRQVDQG
VWDQGDUG*LEEVIUHHHQHUJ\HQWKDOS\DQGHQWURS\RIIRUPDWLRQ$OWKRXJKWKHRYHUDOOSURFHVVRIHQWHULQJWKHGDWDZDV
UHODWLYHO\VWUDLJKWVHYHUDOLQFRQYHQLHQFHVDQGSUREOHPVZHUHQRWHG

,QFRQYHQLHQFHV
7KHVLPXODWLRQHQJLQHHUTXLFNO\EHFDPHDZDUHWKDWWKHXVHUKDVWRSDJHWKURXJKWKHHQWLUHHTXLOLEULXP
HTXDWLRQVVHWLQRUGHUWRYLHZHGLWRUDGGDVLQJOHHTXDWLRQ,WRQO\WDNHVDIHZHOHFWURO\WLFVSHFLHVEHIRUHRQHHQGVXS
ZLWKTXDQWLWLHVRIHTXLOLEULXPHTXDWLRQVLQWKHGRXEOHGLJLWV,WZDVDQQR\LQJWRKDYHWRSDJHWKURXJKWKHHQWLUHVHW
HYHU\WLPHWKHSURJUDPUHTXLUHGWKHXVHUWRHQWHUWKHHTXDWLRQVFUHHQ
7KHUHDUHWKUHHRUIRXUVFUHHQVWKDWUHTXLUHWKHXVHUWRHQWHUWKHPROHFXODUZHLJKWRIDQHZVSHFLHVEHLQJ
HQWHUHGLQWRWKHGDWDEDVH,IWKH0:LVQ
WPDQXDOO\HQWHUHGLQDOOWKHYDULRXVVFUHHQVDPDVVEDODQFHHUURUVWDWHPHQW
ZLOOEHUHFHLYHGZKHQWU\LQJWRUXQWKHVLPXODWLRQ5HTXLULQJWKHXVHUWRJRWRVHYHUDOGLIIHUHQWVFUHHQVWRHQWHUWKH
VDPHSLHFHRIGDWDLVDZDVWHRIWKHXVHU¶VWLPH
&+(0&$'KDVDFRPSRQHQWVOLVWHOHFWULFDOO\QHXWUDOFRPSRXQGVDQGHOHFWURO\WHVHW7KHHOHFWURO\WHVHW
FRQVLVWVRIDQLRQLFVSHFLHOLVWDQGHTXLOLEULXPHTXDWLRQVFRUUHVSRQGLQJWRPHPEHUVRIWKHFRPSRQHQWV(YHU\WLPHLW
LVGHVLUHGWRDXWRPDWLFDOO\XSGDWHWKHHOHFWURO\WHOLVWDQGHTXDWLRQVZKHQDVDOWLQWKHLQVWDOOHGGDWDEDVHLVDGGHGWRWKH
FRPSRQHQWOLVWIRUH[DPSOHWKHXVHUKDVWRHUDVHWKHFXUUHQWHOHFWURO\WHOLVWDQGHTXDWLRQVDQGUHUXQWKHHOHFWURO\WH
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SHUWLQHQWFRVWGDWDLVGLVSOD\HGLQ7DEOH7KHHVWLPDWHGDQQXDOFRVWVSHUXVHUVKRZQDUHEDVHGXSRQXVLQJWZR
QHWZRUNOLFHQVHVIRUWKUHH\HDUV7KUHH\HDUVZDVFRQVLGHUHGDJRRGWLPHIUDPHIRUWKHFRVWDQDO\VLVDQGDQQXDO
OLFHQVLQJZDVFRQVLGHUHGPRUHSUDFWLFDOWKDQWHUPOLFHQVLQJEHFDXVHRIWKHSRWHQWLDOIRUIXWXUHFKDQJHVLQWKHSURMHFWV¶
ZRUNVFRSH$QQXDOO\UHQHZDEOHOLFHQVHVDUHOHDVHGLQWKHFDVHRI$63(13OXVDQG352,,&+(0&$'RQWKH
RWKHUKDQGLVSXUFKDVHGUDWKHUWKDQOHDVHGVRLWVWKUHH\HDUFRVWLQYROYHVWKHSXUFKDVHSULFHLQ\HDURQHDQGRQO\D
PDLQWHQDQFHIHHLQ\HDUVWZRDQGWKUHH)XWXUHOHDVHDQGPDLQWHQDQFHIHHVDUHDVVXPHGWRKDYHWKHVDPHSUHVHQWYDOXH
DVWKHIHHVLQWKLVFXUUHQW\HDU
,WFDQEHVHHQWKDWFKRRVLQJ&+(0&$'UDWKHUWKDQ$63(13OXVFRXOGVDYHDSSUR[LPDWHO\.LQOHDVLQJ
IHHVRYHUWKUHH\HDUVDQG352,,FRXOGVDYH.,WLVDVVXPHGIRUWKHWLPHEHLQJWKDWSDVWGDWDEDVHHQKDQFHPHQWV
PDGHIRU$63(13OXVZLOOLPSURYHWKHSUHGLFWLYHDFFXUDF\RIWKHLQWHJUDWHGPRGHODQGDUHZRUWKXWLOL]LQJ7DEOH
VKRZVWKDWMXVWWKHVZLWFKLQJFRVWVDVVRFLDWHGZLWKWUDQVSRUWLQJSDVWGDWDEDVHHQKDQFHPHQWVIURP$63(13OXVWR
HLWKHURIWKHRWKHUWZRFDQGLGDWHVLPXODWRUVLVHVWLPDWHGDW.DQGLVODUJHUWKDQWKHSRWHQWLDO\HDUVDYLQJVDULVLQJ
IURPVPDOOHUSXUFKDVLQJOLFHQVLQJFRVWVRIWKHRWKHUWZRFDQGLGDWHVLPXODWRUV&RQVHTXHQWO\WKHUHLVQRUHDVRQWR
MXVWLI\SXUFKDVLQJHLWKHU&+(0&$'RU352,,VLQFHWKH\GRQRWVFRUHKLJKHULQWKHUHTXLUHPHQWVPDWUL[RUURDGWHVWV
DQGWKHLUDFTXLVLWLRQFRVWVDYLQJVDUHPRUHWKDQRIIVHWE\MXVWRQHRIWKHVZLWFKLQJFRVWV7KHUHIRUHWKHKLJKHUSULFHRI
$63(13OXVFDUULHVDKLJKHUEHQHILWFRVWUDWLRWKDQWKHRWKHUWZRFDQGLGDWHVDQGLWVKLJKHUWKUHH\HDUSULFHLVMXVWLILHG
IRUWKHQHHGVRIWKLVSURMHFW
9HUVXVWKH6WDWXV4XR
7KHQH[WTXHVWLRQWKDWKDVWREHDQVZHUHGLV³,VWKHGLIIHUHQFHLQWKHSUHGLFWLYHDQGRSWLPL]DWLRQFDSDELOLW\
EHWZHHQ$63(13OXVDQGWKHFXUUHQW(;&(/EDVHGVLPXODWRUZRUWKWKHLQFUHPHQWDOFRVW"´7KHTXDOLWDWLYHDQVZHUWR
WKDWTXHVWLRQLVDVVXPHGWREH³<HV´$FKLHYLQJWKHSURSHUOHYHORIVLPXODWLRQWKDWFDQPRUHWKDQSD\IRULWVHOIE\
UHGXFLQJSURFHVVDQGIDFLOLW\GHVLJQFRVWVLVWKHJRDO,WLVDVVXPHGWKDWSUHGLFWLYHDFFXUDF\EHWZHHQDQGWLPHV
VWDQGDUGGHYLDWLRQZLOOIDFLOLWDWHGHVLJQHQRXJKWREHZRUWKWKHFRVWVRIWKHVLPXODWLRQHIIRUWVDVVRFLDWHGZLWKWZR
QHWZRUNOLFHQVHVRQHIRUWKHHQJLQHHUVDW656DQGRQHIRUWKH,1((/WHDP
7RWDOFRVWVRIWKHVLPXODWLRQHIIRUWDQGWRWDOEHQHILWVZLOOEHPRQLWRUHGRYHUWLPHWRFRQWLQXDOO\DVVXUHWKDWWKH
YDOXHDGGHGH[FHHGVWKHFRVW7KHEHQHILWFRVWUDWLRZLOOEHUHDVVHVVHGDQQXDOO\DQGWKHQXPEHURIOLFHQVHVDQG
HQJLQHHUVZLOOEHDGMXVWHGDFFRUGLQJO\7KHWHDPZLOOEHEHWWHUDEOHWRDVVHVVWKHEHQHILWFRVWUDWLRRIVLPXODWLRQ¶V
SRWHQWLDOFRQWULEXWLRQWRLQWHJUDWHGSURFHVVRSWLPL]DWLRQRQFHDQHQWLUHWUHDWPHQWWUDLQLVPRGHOHGLQWKHVHOHFWHG
FRPPHUFLDOVLPXODWRUDQGFRPSDULVRQVDUHPDGHEHWZHHQVLPXODWRUSUHGLFWLRQVDQGPHDVXUHGGDWD&RQVHTXHQWO\WKH
WZRQHWZRUNOLFHQVHVZLOOEHOHDVHGRQDQDQQXDOEDVLVXQWLOWKHH[SHFWHGEHQHILWFRVWUDWLRFDQMXVWLI\ORQJHUWHUP
ILQDQFLDOFRPPLWPHQWV

$63(13OXV±2/,%ULGJH$GG2Q
7KHODVWTXHVWLRQWRDQVZHULV³,VWKH$63(13OXV2/,EULGJHDGGRQZRUWKOHDVLQJ"´7KHDQVZHULV³1R´
EHFDXVHRIWKHEULGJH¶VODFNRIFRPSOHWHWUDQVSDUHQF\WRWKHXVHUDQGFRQFHUQVUHJDUGLQJLQWHJUDWLRQ7KHUHDUHWKUHH
PDLQQHJDWLYHFRQVHTXHQFHVRIWKHEULGJHLWUHTXLUHVDSSUHFLDEOHXVHULQWHUYHQWLRQZKHQPDNLQJFKDQJLQJVROXWLRQ
FKHPLVWU\ZKLFKZLOOEHKDSSHQLQJFRQWLQXDOO\WKURXJKRXWWKHSURMHFW¶VOLIHEHFDXVHRIWKHPRGHO¶VSLHFHPHDO
GHYHORSPHQWLWLQFUHDVHVDQQXDOOLFHQVLQJFRVWVE\DSSUR[LPDWHO\.DQGLWLQFXUVHLWKHUDFRVWRIURXJKO\
.WRWUDQVSRUWSDVWGDWDEDVHHQKDQFHPHQWVWR2/,RUWKHORVVRIWKHLPSURYHGDFFXUDF\GHULYHGIURPVXFK
HQKDQFHPHQWV
7KHEHQHILWRIWKHEULGJHZRXOGEHWRJDLQDFFHVVWRSURSHUW\GDWDIRUVHYHUDOLPSRUWDQWVSHFLHVIRUVLPXODWLQJ
PHGLXPWHPSHUDWXUHHTXLOLEULXP,WLVQRWIHOWDWWKLVWLPHKRZHYHUWKDWWKHSRWHQWLDOEHQHILWRIWKHEULGJHRXWZHLJKV
LWVSRWHQWLDOQHJDWLYHV,WLVUHFRPPHQGHGWKDWWKHUPRG\QDPLFGDWDIRUNH\PLVVLQJVSHFLHVEHREWDLQHGIURPOLWHUDWXUH
VHDUFKHVDQGRUSK\VLFDOH[SHULPHQWVDQGDGGHGWR$63(13OXVDVKDVEHHQGRQHLQWKHSDVW6XFKPDQXDOGDWDEDVH
HQKDQFHPHQWVDWWKLVHDUO\SKDVHRIWKHSURMHFWDUHFRQVLGHUHGWREHPRUHFRVWHIIHFWLYHRYHUDWKUHH\HDUWLPHIUDPH
WKDQDFFUXLQJ.RUVRLQDGGLWLRQDOOLFHQVLQJFRVWVURXJKO\.WRWUDQVSRUWSDVWGDWDEDVHHQKDQFHPHQWVIURP
$63(13OXVWR2/,DQGWKHLQFUHDVHGSURMHFWDQGLQWHJUDWLRQODERUFRVWVIURPWKHXVHUUHTXLUHGLQWHUYHQWLRQV
7KHWUDGHRIIVEHWZHHQWKHSURVDQGWKHFRQVRIWKHEULGJHZLOOEHSHULRGLFDOO\UHDQDO\]HGDVWKHSURSHUWLHV
GDWDEDVHQHHGVRIWKHSURMHFWDUHFODULILHGDQGPRGLILHGZLWKWLPH
5HPDLQLQJ$PELJXLWLHV
7KHPDLQUHPDLQLQJNQRZOHGJHJDSVFRQFHUQWKHSHUIRUPDQFHRI352,,WKHYDOXHRISDVWGDWDEDVH
HQKDQFHPHQWVDQGWKHYDOXHDGGHGE\WKH$63(13OXV2/,EULGJH
3HUIRUPDQFHRI352,,
%RWKWKHUHTXLUHPHQWVPDWUL[DVVHVVPHQWDQGWKH³URDGWHVWLQJ´UDLVHGLPSRUWDQWTXHVWLRQVUHJDUGLQJ352,,
WKDWWLPHGLGQRWDOORZWREHDQVZHUHG)RUH[DPSOHH[DFWO\KRZPXFKRI2/,LVLQFRUSRUDWHGLQWR352,,"
6LPXODWLRQ6FLHQFHVKDVWROGWKHWHDPWKDWLWSODQVRQLQWHJUDWLQJWKHIXWXUHYHUVLRQRI2/,YLQWRWKHQH[W
YHUVLRQRI352,,EXWJLYHQWKHIDFWWKDWWKHFXUUHQWLQWHJUDWLRQLVRXWGDWHGE\VHYHUDO\HDUVDQGDSSHDUVWREH
LQFRPSOHWHRQHPD\QRWEHFRQYLQFHGRIWKHFRPPLWPHQWRI6LPXODWLRQ6FLHQFHVWRFRQWLQXHLQWHJUDWLQJIXWXUH2/,
UHOHDVHVLQWRLWVVLPXODWRU$QGZKDWHIIRUWLVUHTXLUHGWRDFFXUDWHO\UHJUHVVWKHUPRG\QDPLFGDWDLQ352,,"
9DOXHRI3DVW$63(13OXV'DWDEDVH(QKDQFHPHQWV
7KHSRWHQWLDOLPSDFWRIWKHSDVW$63(13OXVGDWDEDVHHQKDQFHPHQWVRQWKHSUHGLFWLYHDFFXUDF\RIWKH
LQWHJUDWHGPRGHOLVDVVXPHGWREHZRUWKWKHHVWLPDWHG.VZLWFKLQJFRVW7KLVDVVXPSWLRQKRZHYHULVEDVHG
VROHO\RQWKHVWURQJIHHOLQJVRIWKHHQJLQHHUVWKDWXVHWKHHQKDQFHPHQWVLQWKHLU+//:(VLPXODWLRQVVXSSRUWLQJ
2SHUDWLRQVDQGRQWKHFRPSDULVRQRI2SHUDWLRQVGDWDZLWKEDVH$63(13OXVUHVXOWVLQWKH³URDGWHVW´:KDWLVWKH
H[DFWPRQHWDU\YDOXHRILQFUHDVLQJSUHGLFWLYHDFFXUDF\E\RQHWKLUGRIDVWDQGDUGGHYLDWLRQ"$QGZKDWZLOOWKH
DJJUHJDWHLPSDFWRIWKHHQKDQFHPHQWVEHLQWKHLQWHJUDWHGPRGHO"
9DOXHRIWKH2/,%ULGJH
0XFKDPELJXLW\VWLOOUHPDLQVUHJDUGLQJWKHVSHFLHVHWDQGWHPSHUDWXUHUDQJHRI2/,¶VSURSHUWLHVGDWDEDVH
FRPSDUHGWRWKDWRI$63(13OXV,1((/¶VSDVWGDWDEDVHHQKDQFHPHQWVDQGWKHQHHGVRIWKHSURMHFW,VWKHSRWHQWLDO
YDOXHDGGHGIURPWKHEULGJHZRUWKWKHKLJKHUDFTXLVLWLRQSULFHDQGWKHFRVWRIWUDQVSRUWLQJSDVWGDWDEDVH
HQKDQFHPHQWV"

'HDOLQJ:LWK7KH.QRZOHGJH*DSV
7KHVHOHFWLRQWHDPZRXOGKDYHSUHIHUUHGWRVSHQGPRUHWLPHRQ³URDGWHVWLQJ´DQGDGGLWLRQDOLWHUDWLRQVRIWKH
VWHSGHFLVLRQPDNLQJSURFHVVWRILOOLQWKHVHNQRZOHGJHJDSV+RZHYHUWKHVHOHFWLRQVFKHGXOHGLGQRWSHUPLWLW
&RQVHTXHQWO\WKHLPSDFWRIDQ\UHPDLQLQJODFNRINQRZOHGJHSHUFHLYHGE\WKHWHDPZDVLQYDULDEO\WUDQVSRVHGLQWR
WKHVWUHQJWKRIWKHILQDOGHFLVLRQVWKHGHFLVLRQVLQFOXGHIXUWKHUWHVWLQJDQGUHDVVHVVPHQWDQGWKH\FRQWDLQILQDQFLDO
FRPPLWPHQWVIRUQRPRUHWKDQRQH\HDU
$VWKHWUHDWPHQWWUDLQPRGHOLVEXLOWDVLQVLJKWVDUHJDLQHGLQWRWKHRSWLPXPOHYHORIPHFKDQLVWLFPRGHOLQJDV
WKHSURSHUWLHVGDWDEDVHQHHGVEHFRPHFOHDUHUDVWKHGLDORJXHLQFUHDVHVZLWKVLPXODWLRQHQJLQHHUVRIRWKHUJURXSVWKDW
FDQEHSRWHQWLDOFRQWULEXWRUVWRWKHLQWHJUDWHGPRGHODQGDVWLPHXQIROGVWKHVHDPELJXLWLHVZLOOEHHOLPLQDWHGDQG
GHFLVLRQVZLOOEHPRGLILHGDFFRUGLQJO\
5HFRPPHQGDWLRQVWR2WKHU3RWHQWLDO%X\HUVRI6WHDG\6WDWH3URFHVV6LPXODWRUV
&+(0&$'
(YDOXDWLQJ&+(0&$'ZDVOLNHILQGLQJDKLJKTXDOLW\VKRHDWDURFNERWWRPSULFHDWDVKRHVWRUHRQO\WRILQG
RXWIURPWKHVDOHVFOHUNWKDWWKHPDQXIDFWXUHUGRHVQ¶WPDNHWKHVKRHLQDIRRWVL]HDVODUJHDV\RXUV0D\EHWKHOHDWKHU
ZLOOVWUHWFKZLWKWLPHDQGEHFRPHFRPIRUWDEOH"\RXSURSRVHWR\RXUVHOI6R\RXWU\RQWKHODUJHVWVL]HWKH
PDQXIDFWXUHUGRHVPDNH'HVSLWHEDGO\ZDQWLQJWKHVKRHWRILWLWTXLFNO\EHFRPHVHYLGHQWWKDWWKHXQGHUVL]HGVKRH
ZLOOQHYHUFRPIRUWDEO\ILW6DGO\\RXUHWXUQWKHVKRHVLQWKHER[WRWKHVDOHVFOHUNDQGNHHSRQORRNLQJ
&+(0&$'LVZRUWKLQYHVWLJDWLQJLIWKHSURMHFW¶VSK\VLFDOSURSHUW\QHHGVGRQ¶WLQFOXGHHOHFWURO\WHPRGHOV,W
RIIHUVVWHDG\VWDWHG\QDPLFDQGSURFHVVFRQWUROVLPXODWLRQDOOLQRQHLQWHJUDWHGVLPXODWLRQHQYLURQPHQW7KHXVHU
LQWHUIDFHLVHDV\WRXVHWKHSULFHLVFRQVLGHUDEO\OHVVWKDQWKHRWKHUWZRFDQGLGDWHVDQGWKHOHYHORIFXVWRPHUVXSSRUW
IURPERWKPDUNHWLQJDQGWKHWHFKQLFDOKHOSGHVNLVXQPDWFKHG
352,,
(YDOXDWLQJ352,,ZDVOLNHILQGLQJZKDWDSSHDUVWREHDJRRGEDUJDLQKLJKIXQFWLRQDOLW\DWPRGHVWFRVW
$IWHUJHWWLQJDSDLU\RXUVL]HIURPWKHVDOHVFOHUN\RXEHFRPHVOLJKWO\FRQIXVHG7KHPDQXIDFWXUHUFODLPVWKHVKRHV
DUHZDWHUSURRIDQGWKDWWKHVROHVFDQODVWXSWRILYH\HDUV<RXORRNDWZKDWDSSHDUVWREHXQWUHDWHGOHDWKHUDQGDVN
\RXUVHOI³&DQWKLVUHDOO\EHZDWHUSURRI"0D\EHLW¶VMXVWZDWHUUHVLVWDQW"´<RXORRNDWWKHWKLQVROHDQGZRQGHUWR
\RXUVHOIKRZLWFRXOGHYHUODVWILYH\HDUVRIGDLO\XVH<RXDFNQRZOHGJHWKDWWKHPDQXIDFWXUHU¶VFODLPVFDQEHWUXH±
\RXMXVWPLJKWEHWRRXQIDPLOLDUZLWKWKHPDWHULDOPDNHXSRIWKHOHDWKHUDQGVROH±EXW\RXGRQ¶WKDYHWLPHWRGRZKDW
LVQHFHVVDU\WRUHFRQFLOH\RXUH[SHFWDWLRQVZLWK\RXUEULHISHUVRQDOH[SHULHQFHDIWHUDOOWKHVWRUHFORVHVLQILIWHHQ
PLQXWHV<RXUHWXUQWKHSDLURIVKRHVWRWKHFOHUNDQGNHHSORRNLQJ
352,,LVZRUWKLQYHVWLJDWLQJLIWKHSURMHFWKDVPRGHVWWRODUJHSK\VLFDOSURSHUW\QHHGVDEURDGSURFHVV
HQYHORSHDQGHDVHRIXVHDQGSULFLQJDUHSULPDU\IDFWRUV,WFRVWVDERXWOHVVWKDQ$63(13OXVDQGWKHVHOHFWLRQ
WHDPIRXQGWKHXVHULQWHUIDFHWREHPRUHLQWXLWLYHDQGHDVLHUWKDQWKDWRI$63(13OXV
$63(13OXV
(YDOXDWLQJ$63(13OXVZDVOLNHVHDUFKLQJIRUDQHZVKRHIRU\RXUPXVLFDOEDQG$IWHUKRXUVRIVKRH
VKRSSLQJ\RXUHDOL]HWKDWQRQHRIWKHRWKHUVKRHV\RXKDYHORRNHGDWILW\RXUIHHWDVZHOODV\RXUFXUUHQWEDQGVKRH
(YHQWKRXJKLWLVWKHKLJKHVWSULFHGGUHVVVKRHRQWKHPDUNHWQRQHRIWKHRWKHUVKRHV\RXKDYHWULHGKDYHRIIHUHGD
FRPSHOOLQJUHDVRQWRVZLWFK6R\RXJRRYHUWRWKHUDFNGLVSOD\LQJPRGHOVIURPWKHPDQXIDFWXUHURI\RXUFXUUHQW
VKRHDQG\RXUHDOL]HWKDWWKH\DOVRPDNHDQRWKHUVKRHZLWKPRUHIXQFWLRQDOLW\

7KLVQHZVW\OHLVZDWHUSURRIDQGKDVDWUHDGWKDWRIIHUVPRUHWUDFWLRQDQGLWFRVWVDERXWPRUHWKDQWKHROG
VW\OH<RXUEDQGGRHVVHYHUDORXWGRRUVKRZVD\HDUDQGWKHZDWHUSURRILQJDQGEHWWHUWUDFWLRQZRXOGEHZHOFRPHG
IHDWXUHVGXULQJWKRVHXQOXFN\WLPHVZKHQ\RXUVKRZLVFDXJKWLQWKHPLGGOHRIDVWRUPDQG\RXDUHGLVDVVHPEOLQJ
\RXUHTXLSPHQWLQWKHUDLQDQGPXG7KHGLVSOD\VKRHLVEURZQVR\RXDVNWKHFOHUNIRUDEODFNSDLU+HFRPHVEDFN
DQGWHOOV\RXWKDWWKHVW\OHKDVOLPLWHGGLVWULEXWLRQVRWKHPDQXIDFWXUHURQO\PDNHVLWLQRQHFRORU±EURZQ7KLVLVQRW
JRRGEHFDXVHWKHFRORURIWKHFXUUHQWVKRH\RXUEDQGZHDUVLVEODFNDQGWKHEDQG¶VZDUGUREHPDWFKHVQLFHO\ZLWKWKH
FRORUEODFNEXWQRWZLWKWKHFRORUEURZQ7KHRWKHUEDQGPHPEHUVOLNHWKHFXUUHQWVW\OHVKRHVR\RXNQRZWKDW
SXUFKDVLQJWKHROGVW\OHLVDVDIHEHW%XW\RXWKLQNWKDWWKH\PD\DOVRVHHWKHZLVGRPRIWKHIXQFWLRQDOLW\WKHQHZ
VW\OHRIIHUV
<RXTXLFNO\GRVRPHURXJKPDWKDQG\RXDUHQRWFRQYLQFHGWKDWWKHLQFUHDVHGIXQFWLRQDOLW\RIWKHVKRHLV
ZRUWKWKHKLJKHUSXUFKDVHFRVWDQGWKHVHFRQGDU\FRVWVDVVRFLDWHGZLWKSURFXULQJDFRPSDWLEOHZDUGUREH<RXUHDOO\
EHFRPHXQHDV\ZKHQ\RXUHDOL]HWKDWWKHFRVWRIVZLWFKLQJVKRHVW\OHVLVH[DFHUEDWHGE\WKHQXPEHURISHRSOH
LQYROYHG±DOOWKHEDQGPHPEHUVDQGDWWLUHKDYHWREHFRPSDWLEOHDQGFRPSOHPHQWDU\6RLQVWHDGRIEX\LQJWKHQHZ
VW\OHVKRHWRGD\\RXGHFLGHWREX\WKHROGVW\OHDQGVHHLI\RXFDQPDQXDOO\DGGWKHLQFUHDVHGIXQFWLRQDOLW\\RXUVHOI
<RXEX\DSDLURIWKHROGVKRHV<RXPDNHDQRWHLQ\RXUSODQQHUIRUWRPRUURZWRSXUFKDVHDZDWHUSURRILQJ
VROXWLRQIRUOHDWKHUDQGWRPDNHDQDSSRLQWPHQWZLWKDFREEOHUWRGLVFXVVDWWDFKLQJDQDGGLWLRQDOWUHDGWRWKHVROHV
<RXUDUHQ¶WVXUHEXW\RXWKLQNWKDW\RXUSODQQHGFXVWRPL]DWLRQZLOOSURYLGHWKHLQFUHDVHGIXQFWLRQDOLW\DWORZHUFRVW
DQGOHVVLQFRQYHQLHQFHWRWKHRWKHUEDQGPHPEHUV
$63(13OXVLVZRUWKLQYHVWLJDWLQJLIWKHSURMHFWKDVODUJHSK\VLFDOSURSHUW\QHHGVDEURDGSURFHVVHQYHORSH
DQGWKHUHDUHRSSRUWXQLW\RUVZLWFKLQJFRVWVDVVRFLDWHGZLWKVRPHRIWKHSHUIRUPDQFHUHTXLUHPHQWVWKDWDSSUHFLDEO\
OHVVHQWKHLPSRUWDQFHRIWKHVLPXODWRU¶VDFTXLVLWLRQSULFH2WKHUZLVHLWVSUHPLXPSULFLQJZLOOEHDGHWHUUHQW7KH
DSSHDORIWKH2/,EULGJHDOVRSUHPLXPSULFHGPD\GHFUHDVHDVWKHQXPEHURIFRQWULEXWLQJHQJLQHHUVWKHYDOXHRIDQ\
SUHYLRXVGDWDEDVHHQKDQFHPHQWVDQGWKHSLHFHPHDOQDWXUHRIWKHPRGHOGHYHORSPHQWLQFUHDVH
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